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ABSTRACT 


Ihl*  i*  a  detailad  daacrlptio«  and  coapariaoci  «f  lha  jfcjslcal 

charactarlrtica — clinata,  tarroln,  soUa,  and  T«s«tatlco-«f  CtKp  Bala 
and  tha  Pikas  Peak  upland, two  hlgb-aountaln  militaiy  training  and  test¬ 
ing  sites  In  tha  Colorado  P.ockit8.  Cotoparisona  are  also  si*d«,  in  nor* 
general  tenso,  vith  laountaia  ranges  aleevhoro.  Tha  Eockias  are  found 
to  differ  EEir'i:adly  froa  such  familiar  BOtintaln  envlronstnts  as  tha 
ISiropcen  Alps,  and  to  raseiabla  in  iccny  raepects  tha  Bountalaa  of 
InTtn'  Aait,  occh  as  the  Hiivlu  Xoih  and  Tien  Shea-  Eowrer,  th*  great 
height  End  difstensa  frea  tha  sea.  of  ths  nid-Asi&tlc  rans*s  cause  taor* 
aitrcsa'coid'  and  dryness  in  particular  regions  than  occur  la  tbs 
Rockies. 

Tna  Cajsp  Hale  Kilitary  P.a  serration  includes  oodSTstaly  rugged 
aountclr.3  in  ^'^dch  ororanw  opcr-lions  can  be  carried  on  adth  relatire 
eoc7if.ni«c8  fund  safety  in  rldvintor.  T!ia  reaervetioo  is  waroundil  ty 
higii.  V?  Siid  eteeper  ranges,  Ivcvtri'cr,  vliich  my  rloo  be  used  for  training 
std  testing.  The  Pikes  Peck  ujOnrl  lacks  reliabla  winter  anew  corer 
but  is  conveniently  close  to  Port  Carson,  Colorado. 

Both  ereas  are  covered  noctly  with  rocky  soil.  Cthcr  surface 
types' present  are  eoil-free  rocky  rubble,  cliffs,  bogs,  ^sd  valley 
flrts.  Clsnicra  are  not  prcient  in  either  area,  altboogli  there  are 
■any  eridensrs  of  jaist  glaciatioo, 

?eg’«^^tation  of  the  sliine  so:ce  (the  area  above  tlnbe^Hae)  consists 
■ofitl?  of  dry  orcTgo  ncoticar,  tspi, daily  on  Pikes  Peak.  la  the  sub- 
alcli:’)  sera  (frc^rti-cbcrlins  cr  n  to  fcbout  9,CC^  feet),  thi>rs  sre 
fc  cf  cpicice,  fir,  erd  cep  n,  and  scatten^J  sieadcws.  S-nriy  slopes 
in  tha  I'.c  pnrt  of  tbo  c  '  cct'.a  Ivivo  sogebruD'a  no»r  Cc*b  Eale 

and  short  c  css  steppe  in  tha' Pikes  Pe'k  area.  Below  the  subi.lpln#  sene, 
i»-itfino  ferc-  t  of  DOvVlas  fir  seed  i^ndcroca  pine  is  widespread  on  the 
rugged  flarhs  of  the  f^cs  Perk  upland. 

Sirf—.cm  ere  did  and  wiicters  srvero  both  at  Cawp  Hale  *nd  oc  the 
Pikas  Pc"l£  upland.  Snow  cover  during  winter  le  usually  detper  in  the 
Cacp  Efle  ^s,  but  tha  Pikes  Peak  craa  is  subject  to  heevy  snowfslls 
in  apring. 


ENVIROKKEKTAL  HANDBOOK  FXW  THE  CAMP  HAUE  AKD  PIESd  PEAK  AREAS,  COiX®ABO 


1*  Introduction 

Cwap  H«l«,  cloB«  to  th«  contlnontal  dlrlde  in  th«  central  Colorad* 
Rockies,  has  boon  used  intend. ttontly  *•  tho  U.  S.  krej  center  for  mouutelB 
warfare  training  and  testing.  During  the  wanoor  part  of  the  year,  con¬ 
siderable  training  and  testing  have  also  been  conducted  in  the  nearly  Pik** 
Peak  region.  Though  the  Army  has  used  laountaln  and  winter  warfare  experl> 
enco  acquired  by  individuals  and  railitary  units  in  aany  perU  of  the  world 
in  developing  its  capability  to  operate  in  mountains,  experience  gained  at 
Caiap  Hale  haa  had  opcciol  laportance.  AccapUnce  or  rejection  of  tMtdoal 
doctrine  and  auitarlel  for  mountain  warfare  have  been  based  to  a  consider^ 
able  extent  on  porfcu\-.ir.:e  in  tents  and  tratnlr^g  there.  Also,  training  at 
Cacip  Hale  is  an  exixrionco  shared  by  c^n/  Amy  piraonnel  who  origlnats  or 
uilliie  such  concepts  and  Iteaa.  Tlds  hcj^iibook  discusses  ths  environasst 
of  Cemp  Halo  first,  then  relates  tlie  oavlroiacnt  of  the  Pikes  Pealt  region 
to  it,  and  finadly,  broadly  compares  the  enviroaaent  of  the  two  areas  with 
noantaln  environaants  elsewhere  in  the  world* 

2.  The  Cgaa  R-Ie  Htlib'’ry  Roservatlon 

Cant?  Hale,  at  39°25'  H  lntlt;»de,  is  at  an  altltud-a  of  9,250  feet  ca 
the  headwaters  of  the  Eagle  River,  a  tribvitary  of  the  Colorado,  which 
rises  on  ths  noarby  continental  divide.  Ths  ca*r.?  occuplcjo  Ee.Gl6  Park, 
a  level,  2i-®qa‘iro-raao  valley  floor,  l/2  die  wide  in  its  wider  parta 
(Pig.  1),  it  Is  5  ELlles  north  of  Tennessee  Pass  (elevation  10,400  feet) 


Fig.  1.  Camp  Hv^le  In  Pebruary  1915,  locking  acroee  Eagle  Park  to  the  ■oath 
of  Resolution  Creek. 
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on  tho  continental  divide,  and  12  miles  north  of  the  town  of  Leadvlll* 
in  the  upper  Arkansas  River  Valley.  U.  S.  Higbvray  24  and  the  Denver 
end  Rio  Grande  Western  Railroad  approach  Tennessee  Pass  from  the  eastern 
slope  of  the  Rockies  toy  way  of  the  Upper  Arkansas.  They  descend  the 
western  slope  of  the  range  by  way  of  the  Eagle  River  Valley,  passing 
along  the  western  edge  of  Eagle  Park.  Tho  railroad  station  eervii^ 

Hale  is  Pando,  at  the  northern  (downstream)  end  of  tho  park  (Fig. 2). 

The  outstanding  advantages  of  Camp  Hale  as  a  mo'intain  warfare 
training  and  testing  center  are:  (a)  the  proximity  of  extensive  hiA 
altitule  mountain  areas  (Fig.  3)»  (h)  reliable  winter  snow  cover;  (c) 
a  3^ge  area  of  slopes  of  considerable  height  and  extmt,  most  of  vdiich 
are  free  of  difficult  defiles,  avalanche  hazards,  and  barriers  to 
casiialty  evacuation;  and  (d)  relative  lack  of  interference  with  civilian 
use  of  the  training  areas.  About  250  square  miles  of  mount  alnous  land 
in  the  Whi"e  River,  San  Isabel,  and  Arapahoe  Naticnal  Forests  have  been 
designated  as  the  Camp  Hale  Military  Reservation  (Fig.  2),  National 
Forest  land  outside  the  reservation  is  also  availaile  for  tra5jiing  and 
has  often  been  used;  much  of  it  is  more  rugged  than  any  part  of  tbe 
reservation. 

Access  to  the  various  parts  of  the  resenatica  is  possible  by 
means  of  a  fairly  dense  net  of  roads  and  trails.  D.  S.  Route  24 
bisects  the  reservation  from  north  to  south  throu|J>  Twinessee  Pass 
and  the  Eagle  River  Valley,  The  eastern  boundary  of  the  reservation 
follows  State  Route  91  in  Tcnmile  Valley,  and  D.  S.  P.oute  6  forms  its 
northern  boundary  in  the  valley  of  the  West  Fork  cf  Tenadle  Creek. 

Truck  and  Jeep  trails  follow  many  other  valleys  sr.d  ascend  some  of 
the  lower  slopes.  Some  foot  and  wagon  trails  built  durlr^  the 
LeadvUle  mining  boom  near  the  turn  of  the  cectery  have  been  restored 
t«  f-uH  use,  and  others  ai  s  still  passable.  There  are  also  many  use¬ 
ful,  though  discontinuous,  sheep  trails  near  timberline. 

High  mountains  adjacent  to  or  easily  accessible  from  the  Camp 
Hale  reservation  are  also  used  for  training  (Fig.  4).  These  include 
the  inner  Sawatch,  Tenmile,  Core,  and  Mosquito  Earges.  Routes  that 
cross  or  give  access  to  these  ranges  are  shewn  in  the  overlay  of 
Figure  3.  Jeep  trails  and  good  foot  trails  reach  certain  parts  of 
these  ranges  but  other  parts  are  not  accessible  ty  aegr  improved  rotite. 

The  Mountain  and  Cold  Weather  Training  Corrand  made  less  use  of  the 
high  ranges  near  Camp  Hale  t^oan  it  otherwise  might  because  there  are 
no  glaciers  and  little  perennial  snow  in  the  area.  In  recent  years, 
troops  o!  tho  Command  have  gone  to  tho  Wind  River  Range  in  Wjroedng 
for  sumer  training  because  it  has  large  glaciers  as  well  as  hi^ 
and  rugged  peaks.  Some  notes  on  that  area  are  included  '.n  a  1955 
research  stucy  report  of  the  U.  S.  Army  Quartermaster  Research  k 
DevolopEent  loBirand,  Three  Mountain  Areas  in  So:i.b>restem  Wyoming. 

With  a  few  excejJtiono,  main  hl^ways  are  kept  open  all  winter  throu^ 
out  the  region.  Snow-covered  truck  and  Jeep  trails  are  usable  by  oversnow 
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Tthlelas  which  can  also  war*  croea-oountry  la  wintar  on  ncaM  of  tho 
opland  alopaa. 

irsijr  aircraft  on  obserratloo  and  courier  misaiona  tiM  an  inprorlaad 
ll^t-plana  landing  rtrip  witlih  CAssp  Hala.  The  usefultieea  of  li^t  alr» 
craft  la  s<»ewhat  liaitad,  however,  ty  altitude  and  hy  perloda  of  turbu¬ 
lent  air.  Because  cf  the  altitude,  helicopters  thus  far  hare  been  unable 
to  qperate  well  etiou^^i  to  participate  regularly  in  tralninc  and  testing 
at  Caap  Bale. 

Since  acTenent  on  foot  Is  a  very  important  elment  of  training 
And  testing  oporatiocs  in  tho  Caiqp  Bala  area,  it  should  be  noted  that 
the  altitude  there  is  cot  great  enough  to  affect  the  ordinary  novsaente 
of  acclinatitod  troepe,  though  it  does  reduce  their  ability  to  naintaln 
eortrecbs  activity, 

a.  Topograity  , 

The  Caap  Hale  Military  Reservation  is  an  area  of  ■onntains  of 
Kd’^wie  relief  al«>st  rurrounded  by  higher,  nore  rugged  ranges,  Thou^ 
there  are  no  glaciers  in  the  region  today,  the  ruggednesa  of  its  higher 
susaits  aixi  tho  for*  of  tho  broader  valleys  are  due  to  lee  Ago  glacia¬ 
tion. 


The  Eagls  River  valley  divides  the  Camp  Hale  reseanratlon  into 
two  nearly  equal  pti-ts  (Fig.  2),  The  western  half  la  in  the  Sawatch 
San^e  and  Is  a  regicn  of  durable  granitic  ar«d  cetaiwjrphic  recks  thinly 
capped  near  Eagle  Park  by  a  reirnant  of  the  sedinentary  rocks  which 
cree  overlaid  theu.  The  eaatora  half  is  olnost  entirely  carved  out 
cf  sedlneiAtary  rock,  Cr-iss  appears  on  Wiat  sid.o  of  tho  reservation 
coly  as  low  cliffs  at  the  baae  of  the  mo  mtainsldo  oast  of  Carp  Bala, 
whtsra  it  is  used  for  rock  cHrblng  practice,  KLsowbeira  In  the  eastern 

of  the  reicrraticQ,  ccnsoicuous  outcrops  are  genorally  igneous 
ir-trosive  rocks  that  weaker  3cr.<n;hat  less  than  the  sodir'intary  reek, 
though  they  are  brltOa  and  unable  to  fora  high,  steep  cliffs. 

The  wo  stern  edge  of  the  reservation  lies  close  to  the  Crest¬ 
line  of  ths  nortbor.T'Bost  part  of  the  Sawatch  Hangs,  Junt  outside  the 
reservation  is  ths  }k:jr.t  of  tho  Holy  Cross,  13,995  feet  abenro  sea  level, 
which  parks  tho  northarn  erd  of  ths  range.  A  less  rugged  spur  of  the 
Sawatch,  Uio  Kc?;:$uka  irpland,  ertf  nds  north  into  the  reservation  be¬ 
tween  Tenness'^s  Pass  and  tho  deep  glacial  trough  of  Eo^stako  Creek, 
las  highest  r.-rjiit  is  EcKstake  Peak,  13,211  feet.  The  eastern  half 
cf  the  resirvatica  reacber  alaost  equal  altitude  (Jacque  Peak,  13,201 
feet)  but  has  less  relief  than  the  Hscsostake  upland,  the  Eocestake 
Talley  being  about  1,000  feet  deeper  than  the  upper  Teaelle  Valley, 
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(1)  AXplno  Zona* 

Tbou^  tha  rocks  of  tha  HctMstaka  upland  and  tha  aastam  part 
of  tha  rosenratloo  ara  unaquall^  raslatant  to  vaatbarii^c  and  erosion, 
tha  crestllnas  of  the  two  areas  have  siailar  topographic  ebaractaristics 
because  snow  drifts  off  tlwilr  windward  (western)  faces  and  accumulates 
to  leeward.  The  windward  slopes,  unable  to  accumulate  much  snow,  have 
no  glacial  clrqvies  and  have  developed  rather  saiooth  slopes  similar  to 
those  conrnon  on  the  east  flank  of  the  Sawatch  and  Tenalla  Ranges,  The 
north  and  northeast  faces  of  the  ridges,  lying  to  leeward, do  have  cirques. 
The  relative  position  of  glaciated  anl  non-glaclated  areas  on  these 
ridges  is  thus  the  reverse  of  that  on  the  east  and  west  flanks  of  the 
Savatch  and  Tenmlls  Rangos  (Fig.  5)«  Because  Ice  Ago  glaciation  was 
weaker  on  the  lower  ridges  ne?jp  Canp  Hale  than  on  the  suamits  of  the 
high  ranges,  tha  cirques  are  only  50O  to  1,500  feet  deep  ccepared  to 
depths  of  2,000  to  3.000  feet  in  the  high  ranges.  Sxcept  altsjg  the 
Rain  crest  of  the  northern  Sawatch,  none  of  the  cirques  near  Casp 
Hale  have  especially  steep  headwalls-  However,  the  headwall  cliffs 
of  the  Honsfistake  upland  do  have  considerable  outcrop  (Fig.  6).  In  the 
sellrentary  terrain  east  of  tha  installation,  eoccept  for  the  north  face 
of  dacque  Peak,  cirque  headwalls  are  alaiost  ccnpletely  rubhle-nantled 
and  are  only  slightly  steeper  than  the  windward  faces  of  ths  ridges  in 
wtdch  they  have  been  carved  (Fig.  7),  The  north  face  of  Jacque  Peak  Is 
a  long  rubble  slope  interrupted  by  a  few  rather  low  outcwps. 

Rubble  soils  and  rubble  masses  at  high  levels  la  the  Colorado 
Rockies  are  subject  to  creep  which,  though  isperceptlble,  Ims  a 
definite  effect  on  their  form,  distribution,  and  surface  stability. 

Creep  may  stabilize  an  alpine  rubble  slope,  as  It  seems  to  do 
conaonly  in  areas  of  resistant  rock  such  as  the  Homestake  iqtland, 
or  it  nay  bring  excessive  material  down  from  above  and  thus  over¬ 
load  certain  slopes.  The  headwalls  of  cirques  in  the  eastern  part 
of  the  reservation  thus  have  soce  areas  of  unstable  surface  where 
troops  will  have  to  be  careful  not  to  start  rocks  rolling. 


•  In  this  report  reference  is  made  to  certain  altitudinal 
cocBJonly  recognized  as  existing  in  tha  Colorado  Rockies.  The  zones 
^^iffsr  topograrllially  and  climatically  as  well  as  in  vegetation,  but 
vegetation  is  used  to  define  then  because  it  gives  the  sharpest 
boundaries.  Two  of  the  zones,  the  alpine  and  subalplne,  occur  both 
at  Carp  Hale  and  on  Pikes  Peak.  A  third,  the  montane  zone,  is  found 
on  the  lower  flanks  of  the  Pikes  Peak  upland.  The  alpine  zcoe  is  the 
region  above  tlnberline.  The  subalplne  zone  extends  froi  tiHberllne 
down  to  the  lower  limit  of  spruce-fir  forest,  usually  at  8.000  to 
9,000  feet. 
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ATulancbftS  art  «  ••rlou*  pp<*le«  only  locally  and  oecarionally  ia 
th*  alpln*  too*  oT  tb*  Caap  Hal*  reservation.  A*  ha* 
headwalla  and  tippiar  basin  floors  on  the  oast  and  northeast  aid*  of  rtdg* 
crest*  in  th*  Ba^esiak*  upland  and  in  th«  eastern  part  of  ^  rewi^ 
tlon  accvBiulat*  a  ireat  deal  of  snow  blown  over  frc^,  the  ad^ac^t  wind¬ 
ward  slopes.  Release  of  unsUbls  aiasses  of  inich  snow  (hiring  winUr  or 
early  spring  t»  th*  ccly  serious  source  of  avalanche  danger 
reservation.  &a=h  basard  is  far  less  persistcmt  and  widespread  her* 
tvuin  in  nearby  highiir  ranges.  Viher*  it  exists,  however.  It  cannot  ^ 
reduced  much  by  ordinary  care  except  by  avoiding  the  alopas  in  questico, 
and  It  thus  forms  diflnlta  barriers  to  travel. 

There  are  cely  a  few  other  seriou*  barriers  to  foot  ■ovewent  in 
the  alpln*  scoe.  The  aouiitainous  character  of  the  terrain  affect* 
trocp  liovewjnts  mostly  by  (a)  channeling  along  coovenl^  pad** 
unless  dispersal  is  deliberately  sought;  (b)  reducing  th*  efficiency 
and  carrying  capacity  cf •  mechaniied  transport  and  d«stlcally 
Ing  the  nvesber  cf  pclnts  which  it  can  reach;  aivl  (c)  Ixcreasing  the 

aiwl  energy  required,  especially  for  moveosat  uphill. 

(2)  Hlids.aeqai^jm 

The  Cscp  Tale  reservation  1*  alwost  enclosed  ^  th* 

(Fig.  8,9)  Tec-xile,  ard  northern  Sawatch  Ranges  (Fig. 

outside  the  tssarratico  proper,  these  ranges  are  frequently  us«  by 

the  KfcCUTC  and  are,  therefore,  briefly  considered  in  tois  r«P^* 

These  high  and  rcss-’d  nsc-antalns  are  composed  of  durable  grputlo  and 
■atanorphlc  rocks  vlich  are  covorwi  locally  on  the  range  flanks  by 
less  resistant  rocks.  The  Sawatch  and  Tennile  Ranges  rise  to  th* 
southwest  and  east  cf  the  reservation,  respw lively,  and  tieod 
north  and  south,  tra-'^verse  to  tbs  colsturo-bearing  westerly  wlndp 
In  passing  over  thess  nngas  in  winter  the  westerlies  drep  a 
deal  of  snow,  Ecrc'.y  cn  their  windward  flanks.  The  height, 
and  coE3plc3d.ty  cf  ths  topography  of  the  high  ranges  is  5\ph  t^t 
relatively  llttla  cf  this  snow  drifts  froa  their  windward  to  their 
leeward  flanks.  Tbs  weste.,!  IlaJiks  of  the  high  ranges  were  thus 
Bore  heavily  gbaclated  and  are  nore  rugged  than  their  east^ 
flanks,  a  situatiac  contrasting  with  that  on  the  suasito^t^ 
the  Carp  Kale  rererralion  described  above.  Glaciers  originally 
in  the  central  Ssvatch  Rar^e,  west  of  Its  hipest  peaks,  attended 
tongues  down  several  valleys  that  cross  the  Crestline  of  the  rang* 
eastvfard  ar>l  drain  into  the  upper  Arkansas  Valley,  inner 
Sawatoh  is  thus  pitted  with  steep-vralled  cirques,  and  the  gor^e 
connecting  then  with  the  Arkansas  Vallfy  have  been  eolarged  and 
deepened  into  lew-gradient  troughs. 

Where  the  V-fh  peaks  on  the  east  flank  of  the  Sawatoh  fa^  ^ 
Arkansas  Valley,  tb-lr  slopes  are  rather  snooth  and  regular,  tho^ 
they  rise  5,000  feet  in  a  relatively  »bort  distance.  Thee*  slcpe* 
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7lf,  8.  Th«  Qor«  Rjsns*  In  vintar.  kn  aetrlAl  riew  ttom  cmr  th* 

Booth  Craok-T’lnoy  Creek  divids.  The  suanits  ahown  ar* 
nora  than  13,000  feet  hl^. 

are  ccrered  with  rocky  soil  and,  near  their  crests,  with  gradually 
cree;lj!'.3  russes  of  angular  rubble.  Orer  largo  areas  this  sell  end 
rubble  tan  tie  is  Interrupt  ad  only  Vy  snail,  scattered  outcrops  and 
trcicps  can  cove  about  freely.  Road  cexvrtructlon  la  not  difficult, 
end  it  Is  possible  for  Jeeps  end  OTorsr»ow  vehicles  to  aove  crosa 
eountzy  in  the  less  steep  areas  above  tlxbcrllne, 

Sijsilar  slopes  occur  on  the  eastern  slio  of  the  Tensile  Rang'j 
(fig,  10),  The  highest  peaks  of  the  Te.'£d.l«  R.i,nge  are  situated  along 
the  crest  of  its  v>53tem  scarp.  The  deep  Tcirlle  Valley,  a  glacial 
troci^,  parallels  the  western  side  of  the  range  ^ery  closely  and  the 
scarp  is  steepest  near  the  north  end  of  the  range  where  tho  valley 
i«  deepest.  Because  it  faces  the  westerly  winds,  this  scarp  was 
berrlly  glaciated  during  the  Ice  Ages,  being  car^  Into  a  series  of 
deep  cirques  ;<hlch  open  directly  into  the  Tendle  glacial  trough. 
There  are  also  rany  cirques  east  of  the  range  crest  but  they  are 
ihallower  and  draL*'  eastward  throu^  steep  and  relatively  ahallov 
glacial  treughs. 
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tit.  9.  lha  Oors  R*ng«  la  svarsn*.  ^rw^-flr  forest  at  about  11.500 
feat  la  the  B^L^Mra  Vall^.  Subalpine  aeadov  appears  la  the 
fcraground* 


The  Qor«  Raaf^e,  tihlch  Uet  Just  north  of  the  reserratloo,  is  aa 
area  of  especially  difficult  ■orassr.t,  even  on  foot,  because  strooc 
glaciation  hcs  etecpsnod  both  of  Its  flanks.  The  axle  of  the  Ooira 
Eange  rtaia  northKOst-southeast,  ■ore  nearly  in  lino  with  the  wintea* 
westerlies  than  the  Tenaile  and  Savatch  Ranges,  Its  shaded  Dorth* 
eastern  flank  shews  at  least  as  heavy  glaciation  as  the  southwestern 
flank,  and  deep,  cliff-vailed  cirques  on  both  sides  of  the  divide 
sharpen  nost  of  its  crest  to  knife  edges  of  alnost  sheer  rock* 

The  Savatch  Range  has  a  neeber  of  passes.  Irdependence  Pass 
(12,100  feet)  is  ooot  tisei  because  it  is  crossed  by  Route  82,  BeweTar, 
It  is  open  only  in  6U!TOCfT*«  The  Savatch  passes  lie  In  the  tons  of  heavy 
snow  west  of  the  high  peaks  of  the  range,  snd  are  approached  throu^ 
the  low-sT»dient  glacial  gorges  described  above.  The  Tenajils  Range 
has  no  vehicular  passes  bat  is  erossod  by  a  nunber  of  trails  that 
Bight  bs  suitabls  for  pack  anisals.  Zast  of  teadville  a  Jeep  trail 
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f!l4«  10*  An  Mst-f«eln(  slope  In  the  Teralle  Ren^  neer  Cejp  Bale.  Bote 
the  eroQ  elope  tsiiforaly  eoverci  with  rubble,  into  Whidi  trtne- 
ecoece  roede  hare  been  boUdcseil. 


oieaaee  the  13,000-'foct  Kei;>^to  Pane  in  the  Mosquito  Range,  e  seiitb- 
eerd  s::tansiort  of  the  Tfruilo  Rar^.  The  Gore  Ranc*!  on  the  other  head, 
leeks  foed  passes  ersa  for  pack  anigals  over  aost  of  its  extent. 

(3)  goVjlPlBO  RsuntaLngjdes 

In  the  Car:p  Bale  area,  as  in  other  parts  of  the  Colorado  Rockies, 
the  trend  tcv%rd  relueri  steepness  of  tlcpts  which  is  noted  In  descsodij^ 
firca  bi^^jwlpir.e  to  low>clpins  levels  eentimtes  dowa  into  the 

tDCrper  K^ialpice  tone.  Ilcuntainr^de  crsi*ier.te  ore  distinctly  acre  vtrie- 
tie  in  tho  V')5t«m  (SaKAtch  Tcn'e)  bslf  of  the  Cenp  Hale  reserration  than 
in  the  eent>ra  half.  The  resistant  rocks  of  the  vectorti  part  often  aland 
■ore  aWjply  on  the  headwalls  of  cirques  and  the  flanks  of  glaciated 
sallTTs  tirn  tbs  v'  lk  rocks  of  the  eajtcm  part.  CcrTTsrssly,  extensive 
gmtly  slcpir^  cploAla  bars  been  forvTl  in  the  western  srss  by  srosica  of 
Mik  rocks  overlying  the  nors  Oursble  netanorphio  rooks.  Sudi  breed,  gentle 
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uplanls  are  Mch  less  tiaual  on  the  eastern  side.  Steep  slopc«,  of 
approxlnately  60  percent  gradient,  are  foreed  on  either  side  of  Eagle 
Park  vhererer  gneiss  la  capped  by  a  bod  of  liaiTi  quarttite.  To  the  east, 
however,  this  steep  ground,  partly  cliffed,  occurs  mly  «•>*■»;  part  of 
the  valley  i«ill,  and  rises  above  Caip  Eile  cnly  500  feet  at  »ost.  The  * 
rest  of  the  eastern  side  of  the  valley  sweeps  vp  either  frcsi  the  quart- 
aite  r^  or  froa  the  floor  to  the  nocntaia  crest  2,000  feet  above,  at 
^  Is  only  aoderately  steep  (approxleately  30  percent) 

and  is  foriMd  on  sedinentaiT’  rocks  (Tig.  1). 

Installatlcn,  fiO-percect  slopes  fomed  on  gneiss  rise 
300  ^  1,000  feet  to  a  steep,  rinrock  cliff  of  quarttiU.  Slopes  are 
gentle  above  the  crest  of  the  rlarotk,  ard  the  upland  surfaces  rise 
only  gradually  frcn  that  point  to  the  Eosjastake  soHlt  area. 


reaa  courses 


Although  there  are  sene  perecnial  waintainslde  tonvmts  in  the 
Ca^  Halo  area,  th«y  are  such  less  cchsioq  there  than  In  nore  aoun. 

tala  regions  such  as  the  Alps  and  the  Cascades.  Even  Internittent  tor- 
rent  courses  ara  scarce  Ija  the  Cam  Eile  area;  bread  sl^^cs  ur«  often 
without  distinguishable  drainage  lines.  Such  perennial  stream  as  do 
exist  are  normally  the  aaln  streams  cf  well-defined  valleys. 


Perennial  streams  in  this  rsgicn  are  generally  ilanked  by  bog, 
eithar  as  a  narrow  ribbon  10  to  100  yards  wide  in  unglaelated  valleys 
or  as  a  broad  Irregular  tone  In  glaciated  trou^'. 


In  tbs  lower  alpSro  and  upper  subalplne  tones  the  prlncipel  draln- 
ap  lines  desctsndirg  to  the  sain  axis  cf  a  valley  are  oftso  boggy.  Only 
woGg  short,  steep  reaches  of  the  perec.-dal  streams  are  their  HanVy 

^  ^  oT  bog.  Crossing  the  bogs  can  scesatlaes  be  more  diffi¬ 
cult  than  crossing  the  stream  Itself.  Ertn  in  winter  many  of  the  stream- 
side  bogs  are  obstacles.  Snow  accumuliues  ca  thoa  unevenly,  p<T<ng  Mgh 
on  vell^lrained  bars,  frost  knolls,  willcw  cluaps,  beaver  dany  juxj  lodges, 
bat  leaving  deep  pits  wheuo  anuw  has  been  thawed  by  ninaing  water.  Over- 
snow  vehicles  and  even  skiers  often  find  such  areas  bard  to  traverse  un¬ 
less  a  trail  is  built.  The  boggy  areas  whleh  formerly  existed  in  Eagly 
Park  had  to  be  filled  to  render  that  area  usable. 


In  addition  to  such  bogs,  the  broad  floors  of  the  Eagle  Park, 
Eoaestake,  and  Tenmile  glacial  trou^.s  harw  wlds  areas  of  allurial  fan 
and  stream  terrace  along  their  flanks.  Such  well-drained,  gently  sloping 
surfaces  are  absent  fbosi  unglaelated  vaHers  such  as  that  of  Resolution 
to  the  Eagle  River  frat  the  east.  In  that  of 
narrow  unglaelated  valley,  boge  genermlly  extend  to  the  foot  of  the 
slcpe  on  each  side. 
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rtU.  for  -1.  roito.  bolMln,..  /Srn-^’S^^itS'.Sd 

oU»r  clrOUi.  prop.rty  oco>w  »>ol.  o^  of 

Twalla  valleys,  and  ::dlltary  use  of  such  terrain  U  thua  iargejy 

Halted  to  Ea^^  Park, 
b.  Surface  tyegA 

The  distribution  of  surface  type*  in  the  ^ 
la  Pis.  n.  The  principal  types  present  ^ 

(iDcSiins  rock  glaciers,  felsetweers.  ^ 

ncS^^e  soils,  terracl  alpine  scU. 

surfacoa  and  bogs.  Such  glacial  »orsine3  as  are  present  In  ^ 

Zn  ^Itly  -odlSed  ty  action  and  no  longer  «d.t 

as  a  distinctive  surface  type. 

(1)  Cliffs 

As  a  rule  the  recks  of  the  eesUm  part  of  ^ 

reservation  do  not  for*  high  cliffs.  The 

that  area  are  the  north  face  of  Jacqu*  Peak  and  the  nank* 
Svle  VallS  nSr  tho  bead  of  Eagle  Paric.  On  cirque  bead- 
wU^ofSe  HoSstake  upland,  cliffs  are 

S^rlslng  a  considera'ole  part  of  the  eastern  flank  of  the  upland. 

(2)  Rubble  Kasses 

Rubble  susses  are  deep  accuanlaticoa  of  wk  ru^e, 
without  sou  between  fragments,  at  least  n^  tS 

I^lns  trd  subalplne  J'u'S  in  the  Colorado  EoeVdes 
C.™;.-olch 

ss:rfrfi=K,r^ 

tho.-gh  Its  effect  on  the  landscape  eoe-^s  fresh.  Rockf^s 
cUliy  irequ^mt  where  creepJjig  rutble  rasscs  cc^  sl^s 
crests  ofcllffs.  a«i  individual  bcwlders  ca  rubble  slopes  are  often 

unstable  because  of  creep, 

Kany  such  rubble  Basses  above  t^rlire  are 
Pstser  (1950)  to  contain  pamafrost  (peresrlal  frost;.  «• 

Bochanls*  of  accuniulatloo  and  conservatlo^  Ca* 

corplotely  kno’.m.  Extensive  Ice  was  obser^  within  tolus  at  ^ 
hS  during  July  1955.  1"  «  north-facing  slope  near  the  north  end  of 

«  Tnese  ai^  other  technical  t«r«s  are  defUwd  in  the  glossary 
(appendix  D). 
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CAMP  HALE 

SURFACE  TYPES 


TSMd>l  INinNUjAU'J  iV  (li.)IKJUddJH 
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Ptri;-.  It  ^<4*  kltltud*  of  9 #250  foot#  Which  i*  2,500  foot 
boles#  tiBberllno  airi  far  ^ow  any  known  occurronco  of  pomarxiit  i«o 
in  finely  divided  aoil  In  Colorado.  Tho  ico  was  uncovered  during 
oKavatioo  of  quarttlto  talua  to  feed  a  rock  crushor,  and  lay  appraicU 
mt«ly  5  foot  bolcw  the  original  surface  of  the  slope# 

Rubble  oassoA  in  the  Ca*p  Halo  area  fall  into  several  classes. 
Boitk  pilaciers  aia  largo  rubble  rasses  rariging  in  thickness  fToa  10  to 
100  or  Bwi'e  feet.  They  are  glacier-Uko  in  font  and  location,  occun* 
ring  Hist  frequently  in  north-facing  cirques  and  in  other  shadowed 
places  at  the  baca  of  glacially  steepened  alpine  and  u}:^?0r  subalplne 
slopes,  Thair  upper  svirfaces  are  oftca  thrown  into  a  series  of  curvod 
or  cbevron-shaped  transverse  waves  of  rubble,  the  ends  of  idileh  are 
retarded  by  friction  along  the  flanks  of  the  mass# 


Telsorin^frs  are  broadly  ccjwax  rubble  surfaces  on  or  near  ridge 
crests  (Fig,  2i).  They  are  produced  by  deep  riving  of  bedrock.  Deep 
felsenceors  soBotinos  show  ridge  patterns  sijallar  to  those  feund  cn 
rook  glaciers,  though  less  veil  developed  (Fig,  12).  The  aotioo  of 
falseruaeora  is  likely  to  be  divergent,  howOTer,  whereas  rock  glaciers 
ecriyerge  ^  fora  ta\gucd  and  often  follow  deflrilta  channels,  tiost 
high  ridge  crests  in  the  Caap  Hale  reservation  are  covered  by  felseo- 
meer.  The  lower  oargins  of  the  felsnniwiors  extend  down  the  slopes  of 
the  ridges  in  tuny  places  to  tinborllne  and  beyend,  especially  on  vest- 
ard  southwest-facing  slopes.  They  often  assume  the  tongue-like  fom 
chai-acteristic  of  rock  ^acim  before  reaching  such  low  levels. 

Talus  is  rubble  which  has  fallen  down  cliffs  and  accuaalated  at 
their  base,  large  talas  aassos  in  the  Colorado  Rockies  consistently 
show  evidence  of  slow  creep  by  their  fora  and  extent  (Fig,  13).  Hock 
are  ribbons  of  rubble  extending  down  subalplne  slopes-  or 
foliouiig  the  beds  of  atocp  subalplne  valleys  (Fig.  14),  They  are 
gross  foms  of  the  trjill  rock  strtpos  often  noted  on  arctic  and  alpine 
slopes  (Fig,  15).  r.’.e  surfaces  of  tha  rock  ctreans  of  tha  Colorado 
Heckles  ara  \unnlly  flush  with  the  surface  of  the  adjacent  soil,  the 
rocks  occupying  tha  tpaco  which  would  othorwlso  contain  a  brook  and 
its  boggy  Bcrgins,  Tha  brock,  which  filters  arang  tho  bouldars  of 
the  rocic  streca,  prosuxably  thc.:.3  ary  ico  prosent  beneath  it  la 
suLTKer  but  prc-ptly  freosos  up  again  in  tha  fall,  giving  tho  rock 
streaa  a  robility  sinilar  to  that  associated  with  penaafroat  In 
other  types  of  rubble  saos, 

(3)  Korml  rubble  soil 

Soil  develcped  on  iwintainsidea  in  the  Caap  Hale  are* 
gensrally  contains  enengh  rubble  to  h.cld  it  in  place  during  spring 
tha-vs.  In  spring,  freezing  and  thawing  while  tha  rubble  soil  la 
saturated  with  twit  water  often  render  Its  fine-earth  coagxxjent 
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Kl«.  12. 


Alpina  topographj  batweea  lUc  KoirrUin  and  Jacqija  Rld£S* 
Tha  Ught  area  In  tb«  ciddle  left  ia  an  incipient  rock 
gl'^ciar  developed  froit  faloensieer. 


Fig.  13.  Talua  alopaa  in  the  Maroon  Valley,  Elk  Mountains,  near  Caap 
Hale.  Slope  in  foreground  illustrates  formation  of  lobate 
tongues  bj  creeping  talas  masses  o»:tainln|;  ice. 
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f±S,  14.  A  well  CiYsloped  reek  atTMa  ia  tt«  r»^l?.1ji«  mo*  of  th* 
Saa  Join  Cclorado.  Tfcofo  i*  cv'^  Doar  Cr-?  Kal*  l» 

a  liolch  a  e11«  texithweit  of  P*2do  rallioftd  rtatloii. 


At  oU-.or  fcatcss  It  1*  aa  «atlrrly  aUiila.  tbo?'>  •CQ»s!iat 

t- r-ff.':.-9.  In  th>j  e-lyin*  xor.-s  it  eft-an  e^:.'>-f>lr3  p-rr:s.ii'i-osl,  iLva^ 
cst  <1  "  'i  to  r.M’ir'l.r  it  erer  cocridisibl*  atc&a  or  to  pr*- 

▼s.it  tlr/lrj  Cut  in  tvczzisr* 

C','0“1  c'  cnflTT  atsipos  or  poljijcca  of  rubM*  (ws.tsIIj  rothw 
lirr.  '  v),  t'  Ifh  rr^-*3  of  XJc*  ftoll>  i»  wj'liolitxly  •oft 

K*  ■  ^  -t  d".r.';'..^  €:■: ‘t-.i  c'.i  c?flf  e-rHcar  e:r;l  Is  e-^wrUd  Into  d««p 
saKl  cr  u:j1  flcMa  li’  C’ijjsct'jl  to  hu.rj  foot  traffio. 

Ci’c'i  lurwo  ar«  dci<jia  alop*  frss  3f.t*-ilyla?  iiocwdrlfta 

RitJi  43  toes®  juE  V  Icw.mrl  of  tii*  hlj^  rid^**  in  th*  *Mt*ni  part  of 
tot  Ct:-p  Ealo  rcs-smiloo. 

(4) 

Cort^  'a  RT^a*  In  bs*ln»  rwar  tlffNirlin*  do®*  to  to*  hl|^ 
rids?*  of  too  Cfl:-?  Ed.*  rtfiorratlca  bar*  cc«.rw»  allsrial  *oll  fondag 
■odoratalj  atoop  alop**  vhich  mqipnrt  ■tanda  of  low  willow*.  ftMll 
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•V  *.  r  '•*^f3^ 


'  L.„ _ 


?!*•  15.  E>>ci  itrips*  In  turf  *t  12,000  fMt  •l»T»ticfi  00 
S12  lixataia,  5  silca  Mist  of  Caap  Ealo* 


•Icr^w*  tATa  A  clot.9  paltora  of  ©out*  tncctrsTso  wlrJdei  or  terraco* 

in  f>:il.  lfc;v  fi-  :.ort  willcva  bsfros*  t:-.:7  uro  ccnticjilly  «it>. 
pli.?.-!  y’t;i  W.U7  I7  nonrra  d?r.ir- -a  fra  th#  o‘ops3  ahcv*  or. 

^..sa  Ij  t'  9  u-lUrj;  of  cr^..*lvir5  pdrxifr^st.  Pow^root 

l8  fr^-o  rjfr'--...'iblo-for  tta  crtspi-^  aotica  rhlc.^  throwi  tho 

C'<..bk  f  £au  ^roT~.l  Is  eofb  1b  cpi'ing  I'vi  d?las 

O'ct  to  a  ccit;  '. ;  "  bjlc'f  th*  evri'ica  In  mrrrr,  K'l'sra  th* 

ta^'a  is  rot  U  j  elco;?,  jicps  easily  tiairel  orur  r,;*a  amji  bocauM 
vh^  4.-%v  .1}  cc^.vzi  bcrju/lQjTs*  Tti9  b-^jsla  ®ncloft^  by  Jq>C(JU9 

rI^C2  J'*  s  pror^rtloQ  of  nneh  sroerJ  toan  wy  otb»r  basin  in 

Ciiij  Halo  re-re^Titlon. 

^ 5 )  ILsH” ? !Iilr f'l  rlltrylsl  fvrfaw 

Al-.%;Tisl  fans  cj^  torpacos ,  wiiiA  inclsdo  tho  groator 
jFvrt  cf  til*  flw:;3  cf  th*  lar^^r  Tallejm  in  tbo  Carj,  {{%!•  area,  are 
ff-Tomaijr  ccs-75fl«d  of  bouliero  or  graT.}!,  oflen  eoTorei  yitt*  fina  allt, 
Slrey  4fre  ®pra  earlly  traTorsed  ly  whiclee  t!un  any  other  caproparod 
marfboo  in  the  r*sioa  and  are  perUciiUrly  well  aulted  to  econt^cal 


•  • 


•  • 


construction  of  roads  and  buildings,  •  ' 

(6)  Poorlr-dralned  bottom  land 

o„.. 

evenly  drained, 

c.  Vegetation 

•  ^  #  ,v^  raxn  nai«  reservation  and  most  of  the  adjoining 

eriSlSf  thit  it  wm  be  described  Iri  the  section  on  the  vegetation 
of  the  Pikes  Peak  area  rather  than  here, 

Tiraberllne.  the  boundary  between  the  eu^pine  and  •l^* 

it^^nu::bor  oftldces  within  and  near  the  reservation  (Fig.  6),  but 
are  seldom  found  above  that  altitude. 

The  distribution  of  vegetation  types  in  the  Camp  Hale  area  is 
shown  on  Figure  16, 

(1).  Sagebrush 

Usually  associated  with  lower,  drier,  ^  «nr'Se‘*’’** 
„d  con,ld.rdd  .  torn  of  "'f  C»p 

norridl  dt  Mcwa  only  on  the*ste«i»r  douth-faclnj 

Halo  area.  At  SuclT slopes  thaw  even  when  air  teir.pora- 

soll-covered  ffipv^^nsides.  S^h  of  snow 

rh’inTf^rrter  any  Unary 

°cU^,'!;^e^rr.‘'skIing  irdifficuit  beclus.  of  the  large  number  of 
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low  boahM  of  aigo  acattorod  evenly  ewer  thaa.  Koet  ere  too  steep  for 
Tsblcles* 

(2)  Aspon  forest 

In  the  Casip  Ealjs  area  only  sage'brujfc  slopes  are  suiuder  than 
those  occupied  hy  aspen  fox^st,  A^jen  so  consistently  occupies  slopes 
intemodiate  betweai  those  supporting  sagehrosh  and  coniferous  forest 
that  oos  usxially  iRist  pass  through  the*  in  Moving  fro*  one  to  the  other* 
Aspen  is  s  deciduous  tree  with  pale  green  hsTs  s?id  anall,  vibrant  ^rsen 
and  silver  leaves.  In  dense  stands  aspens  are  tall  sad  straight*  Their 

trunks  are  generally  rather  ualfom  in  sixa  in  any  one  stand  and 
usually  are  rather  eaoU  but  occasionally  reach  6  to  12  inches  in  diunetwr* 
Aspen  foresta  accuaxlata  auch  isore  snow  and  retain  it  longer  than  8aga~ 
brush  slopes* 

Stands  of  aspen  which  are  dense  or  idildh  have  coosiderible  dcw*» 
ticber  are  serious  barriers  In  skiers  and  niy  even  l^^eis  foot  travel 
considarably..  Stands  near  stroaas  aio  often  opened  tq)  or  even  cleared 
off  coBjpletoly  by  beavers.  Aspens  have  been  cat  to  a  considerable  eac- 
tent  by  engineers  and  other  troops  training  at  Carp  Bale,  for  use  in 
field  construction* 

(3)  Wincy  gtarris  on  bogs  and  ice-laden  ..sail 

Scrub  viUoa  thickets  occur  on  cooslstesitly  Moist  sites  fTo* 
tlnberline  down  throu^  the  subalplne  zone  In  the  Casp  Bale  area*  At 
timberline  the  wIUots  fora  low  mats,  while  farther  down  in  the  sub- 
alpine  zone  willows  6  or  8  foot  hi^j  ^row  in  hoggy  ground  along  strea* 
atargina* 

(4)  Ccriiferc.^ji  foregt 

There  are  two  types  of  subalplna  cailferora  forest  in  the 
Ceiq)  Hale  area.  Ey  far  the  »ore  extensive  typo  la  spruce-fir  forest, 
the  usual  subalplne  forest  of  the  Colorado  Bocklos.  Bear  Ca:^  Bale  It 
consists  costly  of  Erxjolxarn  spruce  with  a  few  sobalpine  firs*  Both 
spruce  snd«fir  are  tail,  splro-like  trees  idslch  in  cp?a  stands  have 
bx^?nche3  froai  the  grounl  tip*  In  dense  stands  the  trvcs  retain  a  high 
tapering  crewn  but  lose  their  lower  branches*  It  ia  usually  easy  to 
move  about  on  the  forest  floor,  which  noxrally  has  only  a  low  under¬ 
growth  of  blueberries.  The  only  spruce  stands  in  the  area  which  are 
difficult  to  Move  through  are  those  in  which  young  trees  occvqjy  areas 
that  have  been  epeoed  up  by  avalanches  or  windfall  (Fig*  17)* 

Stands  of  lodgepdo  pine,  the  other  type  of  ceniferoas  forest, 
occur  practically  to  tiasberline  in  old  bursa  and  Icgged-off  areas  in 
the  southeastern  part  of  the  Caiqj  Bale  reservation*  They  do  not  for* 
dense  stands  at  that  elevation,  however.  C^pas-grown  lodgspole  pines 
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Fi*.  17,  A-nOAndi#  insRjt  in  •ub*lpin*  fowt  (Engelaann 

.  at  about  11,000  feat  el-orsUon;  Korih  Hock  Cr«e<  Ttllejr 
^  in  the  Ck)re  Aval&acfae  stxm  regained  urB«lt»d  wMer 

thia  debris  la  eaxljr  August  1955. 


a^  ■'jch  shorter  and  broader  trees  than  the  apruces  and  flw.  la 
dense  stfads  such  as  tbras  of  the  lover  eubalpine  lono  to  the  Ca*p 
Hale  area,  on  the  other  hand,  lodgepole  becersea  Ter/  tall,  alji,  a^ 
sSii^c,  though  the  c.^-rs  ire  broad  or  erea  flattish.  Tc«ng  stand, 
of  lodgepole  are  often  ao  denes  as  to  be  nearlj  topassahle. 

Less  snov  reaches  the  grrjnd  to  d?-»e  riibalptoe  fowsts  to 
open  forests  because  it  is  toterceptod  bf  toe  canopy 
Although  dense  forest  retalr.s  its  srww  well  because  of  its  eh^, 
open  forest  may  have  enev  cover  longer  because  of  greater  toltiax 
accuaulation.  Conifers  ve  alosst  entirely  absent  froi  the  su^er 
slopes  of  the  lower  rabilptos  tone  in  the  Caap  Hale 
only  thoee  relatively  ihady  slopes  where  snow  lies  throu|#io«t  tb* 

wtotsr. 

(5)  KngBhols 

fn  m»Xfj  plsoes  at  ttoberlins  to  the  Caap  Hale  ares  low  Mts  ®f 
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*r5r<ic«  »nd  oth»r  ccwilf«r«  (leruwivaU)  «r*  *^***v^>w 

nnvtr  mnda  of  tho  forost,  often  ■a.rVdng  tii*  hi^iest  polnta  macb^  ty 

STotier  beaTUy-glaciatod  uplands  cn 

the  kraaBiioli  etowi  on  the  crests  of  axten- 

svales  bi-re  alpine  or  bog  vegetation,  trjaea^-x^x  Is  occasloaa^ 

«ax«h  to  be  a  serious  ob-Ucle:  Its  *ats  ^ 
dense  torolk  through  but  not  quite  dense  ecxxgh 
S^,:^aS7^dSft^ff  the  kruishola  »ats  during 
^-S^ancnes  are  Just  «po«d.  Tba  InUrrenlng  swales  have 

de^^er  drifts  of  anew* 


la  in  tsountalns  throughout  the  vcrli,  vegeUtion  above 
line  near  Cisp  Bale  Is  low  and  consists  ncstlj  of  s^ges, 
mare  or  Tv’ta  flat-lying  heaths  and  villovs,  and  licheas.  At  hi^  a^ine 
Selatlcia,  w«tition  Is  thin,  scatterod,  a=d  In  P^®’* 
but  it  beccaos  »ore  dense  and  widespread  at  ® 

Slone*  near  tihberllno  It  can  bo  deecrlbod  as  veadow.  pi  t^  Hale 
!r2^arS  parts  of  the  Colorado  Fockias.  the  »05t  widespresd 

tjps’ef  «l?ir*  itoadow  is  a  dense,  tc^b.^ 

2^a  sedge.  Xobresia  (Fig.  15  Z'*)-  better  dr^ed  ‘f* 

rLerallT-  rocV:j.  with  scfnt  soU.  Ibister  sites  have  a 
JS^eUtTai  than  tyolcal  Kobreoi*  sod,  Vbex^  seuges 

Bren  ESresia  meadow  Is  seldom  SSj 

*r«a  baca“*«  of  the  many  local  differences  in  altitude,  ensure,  slope, 

»a  partS^lT  ^  .S'S  ^JScSLr 

alEin*  8Ict:-?3.  Alpine  meadev  in  general  au.  Ec^s^  sod  an  p^aou^ 

Stride  e^iellent  footing  on  moderate  slq^as.  Troops 

aVi-fir^’ -a*n,  with  rubber  oloatad  sole  end  heel,  i-v®  no  difficulty  CTeaa 

>»t  ,.h«.  U»  tart  1.  «l  •!»!>••  0“"- 

cult  feff  sEicoth-shod  troops. 

There  are  also  considerable  areas  of  »»dow  below  timberline. 
A'ralsnhh*3  wind,  excessive  depths  of  drifted  snow,  poor  draina^, 

crerartarhold  ta.  tr.-rrl.  tack  tr«  1“?^^ 
alUt^;  cn  mny  elopes  neer  Carp  Eels,  le  cne  menje 
to  s ‘tf'-'ine  Bcadowa,  bare  rock  bscoecs  less  cccspicuous  a^  gras* 

^  out  ihe  sedges.  Except  wbe^  the  trunks  of  ^ 
forests  still  litter  then,  the  subalpine  m-taiws  a^ 
across  hhr^  alT^^ns  nendows,  both  because  thr;*  are  less  rocky  and 
JSSe  they  are  generally  less  steep  than  the  alpine  seadows. 

Soimlpine  needows  are  particularly  cctensive  in  the  wsUra  and 
«»th«a3tem  p«dh  of  the  Camp  Rale  reserra^ 
forest  ws  destwyed  by  fires  and  logging  curing  ^  I>»advine 
boo*  arcund  the  turn  of  the  century.  Ka-'T’ 

ar.  near  tlmberllne.  At  that  level.  IMgepole  pine  does 


not  seed  In  aftur  dense  naelow  sod  bseonee  established;  If  a  good  lodg#- 
pole  seed  jnear  does  not  occur  shortly  after  a  fire,  res*M<^^don  awaits 
the  alow  unread  nf  ^ruce  forest,  Kims  of  the  sane  age  near  the  nines 
at  GUmb  and  Hedellff,  cc  the  iKirthMst  edge  of  the  resemtlon,  are  at 
a  euch  lower  eloraticn  and  bare  been  coe^letely  orergrown  ty  lodgepole 
pine. 


«*.  Qyatt 

(1) 

Ihe  Caap  Bale  training  area  has  lower  teeperatores  and 
greater  precipitation  thsn  ai^cant  lowlands.  In  cosparisce  with  cllnatea 
of  Kix\y  noontala  ranges  in  stxilar  latitudes,  however,  the  Caap  Bale  area 
is  dry  aid  warn,  particularly  In  suaser.  Suaaers  are  pleasant,  with  noat 
of  the  rain  occurring  in  brief  thundershowers.  Winters  are  cold  and 
snowy  bat  are  tempered  by  lew  rruaidity  and  strong  radiation.  At  all 
seasons  sunboxn  protection  say  be  necessary. 

Ths  e:q>ected  decrease  in  teeperaturw  with  increasing  elevation  is 
evident  from  an  exaufilnaticm  of  weather  records  of  71  stations  in  the 
Colorado  Rocldes.  In  srusKier  the  average  decrease  in  taB.poratare  with 
Increaving  height  is  3*7  ^  desrees  per  1,000  feet,  and  in  winter  the 
eceparable  bat  leas  consistent  flgare  is  2,6  F  degrees.  locally  this 
relationship  Is  often  reversed  at  night  when  cold  air,  being  heavier, 
settles  in  the  valleys,  the  ralle^jw  near  Carip  Hale  are  tbos  often 
colder  than  any  hlgiier  part  of  ths  nearby  area  except  perhaps  the 
hi^Mst  ridges.  When  such  cenditiens  exist,  winds  are  ususlly  U^t 
in  the  valleys,  and  an  Indiridual  on  ths  wilier  inlands  eay  feel 
colder  even  thoo^  the  tesperature  is  higher. 

Topography  bas  iaportant  effects  on  the  aioount  and  areal  distri¬ 
bution  of  precipitation  in  ary  Kuntain  ^rea.  In  the  Caxp  Sale  area 
nost  winter  precipitation  cciws  frc«  the  west,  with  the  result  that 
range  flanks  facing  the  westerlies  receive  the  heaviest  precipitation. 

The  winds  associated  with  rmner  rains  often  come  from  the  Qulf  of 
Mexico;  consequently  such  rairs  are  heaviest  on  the  eastern  flanks  of 
the  enuntains.  la  general,  on  ary  given  range  flank,  precipitation 
increases  with  altitude.  Vinter  precipitation  in  the  form  cf  snow  tends 
to  bs  greatest  high  on  the  western  slopes,  while  sunraer  rairj  are  great¬ 
est  at  hi^  elevations  oriented  towards  the  east  or  southeast. 

Other  aspects  of  cllaate  also  are  affected  by  terrain.  Cload 
cover  is  at  a  maxiauii  near  the  high  sumits  and  at  a  Binims  to  the  lee 
of  the  high  points,  Klndisess  ger^rally  Increases  with  elevation  tut  is 
subject  to  other  terrain  effects.  So  wind  data  are  available  for  the 
Canp  Hale  area.  It  Is  generally  true  In  nountains,  however,  that  the 
hi^r  a  ridge  or  soreiit  stands  above  adjacent  ridges,  the  wlnilier  it 
Is  lik^  to  be  daring  unsettled  veather.  In  fair  weather,  cn  thn 
other  hand,  soBslts  are  often  less  windy  than  adjacent  slopes. 
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CliMtic  dat*  fro*  o^Mrratlona  at  four  weather  stations  is  or  dmut 
Caap  Hale  are  in  Tables  I  to  TV,  The  sbst  pertinent  oC  these  data  were 
recorded  at  the  ixprorised  airstrip  at  Caap  Hale  (9,250  feet)  dqri,st 
each  winter  from  1952  to  1955,  Weather  data  from  Climax,  lust  bejxd 
the  eastern  margin  of  the  Caap  Hale  reservation  at  an  elevatioo  of 
li,300  feet,  are  also  utilised  in  this  studj.  The  clinatlc  records 
at  Caap  Hals  and  Climax  cover  short  periods  of  record  and  hare  beea 
supplemented  by  longer  records  from  Dillon  (8,900  feet),  in  a  TaUey^ 

20  miles  northeast  of  the  Carp  Rale  station,  and  Leadvilla  (10,200  feet), 
across  the  continental  divide  12  miles  south  of  Camp  Hale,  loeatioa  of 
these  weather  stations  Is  shown  in  Figure  >.  dlmatic  data  few  sUlions 
in  the  Camp  Kale  area  are  presented  graphically  in  Appendix  1,  as  well 
as  in  Tables  I  and  n. 

(2)  Winter  eliaate  (December.  January.  February,  and  Itocli) 

Tbs  winter  tet^>erattir«  and  ’  snowfall  record  at  Caap  Sala 
is  sunmarlzed  in  Table  I. 


TABI2  I 

VInTSx  TS'TEoAruRE  AHD  StvDWFALL  AT  CiiiP  HALF,  COLOKADO 


Temperature  (^) 

Jan, 

1952-55 

Peh. 

1952-55 

Mar, 

1952-54 

Absolute  BgudJiiuBi 

45 

43 

49 

Mean  dally  maxiefsi 

28 

30 

34 

Mean 

13 

15 

19 

Mean  daily  miniraa 

0 

1 

5 

Absolute  minimum 

>  -39 

-34 

:  -29 

Srov-fell  (inches) 

»  $ 

i 

Average  snowfall 

*  17 

22 

23 

Average  snow  depth 

15 

U 

19 

KaxlEua  snow  depth* 

21 

22 

- 

MinlnuB  enow  de^h* 

10 

5 

- 

*Durlr^  1954  and  1955  only 

Comparing  the  data  from  stations  in  the  Ticinlty  of  Camp  Bale,  it 
is  erldent  that  minlEua  tre^jraturos  at  the  foiur  etatlons  show  the  effect 
of  cold  air  drainage  into  the  low  spots  (Table  II),  Dillon,  the  Iwiat 
station,  has  a  mecn  daily  zdrdn'mi  tej’peraturs  in  Januarr  of  ->4°7;  Cacp 
Hale  has  a  corrcspondlrs  flcpnre  of  cPF;  Loadville  has  5^;  and  Clisaac, 
ths  highest  station,  6'^?,  Other  winter  months  have  minlica  only  slijjitly 
less  severe.  The  offset  of  cold  air  settling  at  Dillon  and  Caap  Halt  is 
particularly  evident  from  a  study  of  values  for  the  lowest  teiipeiwtcrem 
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rscordad  »ach  ■cnth.  Frm  ri^\ir«  26  (App«odlx  A)  It  can  t»  Men  that 
tw^ratu^a  uayaXlj  g»  below  -20®F  and  often  below  -30^  in  January  at 
Dmon!-46  has  be«  recoixJed  there  in  Doccaber.  During  Ita  Aort  period 
of  bbiwi^tiooa  Caap  Hale  baa  recorded  -39®?  in  January.  r^sniarr 

-29*’in  Hai*ch  (Table  I),  The  fact  that  aean  and  extreoe  ^ 

teaperatvrea  are  higher  at  leadrille  than  at  Dillon  la  clearly  evident  la 
Figure  29.  In  its  short  record  (3  years),  CUjbuc  never  has  eomeriencad 
tei^ratures  below  -25^. 


TABLE  n 

KEAH  AND  BUHEXS  THtPEaAtURSS  NEAR  CAMP  HAIE  THAINTNO  AREA  (Of) 


Jan  Feb  Mar  Apr  Kav  Jun  Jul  Aug  Sep  Oat  Nov  Dei;^  AjU 


Djllon.  6,900  feet,  40-year  record 

Absolute  aax.  57  60  6l  76  79  8?  89  8?  83  77  65  Si  89 

Mean  daily  aax.  31  34  38  48  60  69  74  73  67  55  41  32  52 

13  16  21  32  42  49  55  53  47  37  24  16  34 

Mean  daily  ain.  -  4-1416  25  2936342718  7-116 

Absolute  Kin.  -44  -45  -38  -25  ■-  8  11  22  20  4  -I7  -30  -46  -46 

l^ndville.  10,200  feet,  47-yoar  record 

Absolute  nauc.  59  59  60  71  76  84  86  83  79  74  66  64  86 

Mean  daily 30  33  37  ^5  55  66  72  70  64  53  40  32  50 

Mean  IB  20  24  32  41  50  56  55  48  38  27  20  36 

Mean  daily  ein,  5  6  11  19  28  35  40  40  33  24  14  7  22 

Absolute  min.  -29  -3I  -20  -14  6  14  28  25  9  -  5  -I7  -27  -31 

11,300  foot,  3-y»a**  record 

Absolute  max.  46  46  49  55  60  75  74  69  69  58  56  49  75 

Mean  daily  »ax.  26  25  28  38  46  58  65  62  57  47  34  25  43 

Mean  16  14  18  26  35  46  52  50  45  35  23  14  31 

Kean  daily  nin,  6  2  7  14  24  33  39  38  33  23  12  3  19 

Absolute  Bin.  -13  -25  -I3  -11  0  I3  30  30  21  3  -Z}  -I7  -25 


Maxinua  teiaperatures  are  lower  at  the  higher  elevations.  la 
Janua^  the  highest  station,  Clinax,  has  a  cean  daily  Bsaxiaun  tesserature 
of  26^  vhlle  the  Lrrest  station,  Dillon,  has  31°F.  In  the  three  winters 
of  recoid  the  tes^rat^re  never  rose  above  50*7  at  Ca»p  Hale  or  Cliwtx. 
Temperatures  ab<r/s  60'*?  have  occurred  each  winter  at  Dillon  and  the 
average  nonthly  luxijrjB*  is  between  50®?  and  55®F  in  the  winter  acoths 


•The  average  highest  tee^perature  of  the  nonth  during  the  period  of  record- 
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all  of  the  winter  precipitation  in  the  Camp  Hale  area 
fe  In  the  font  of  enow  (fables  III  and  IT).  In  the  4  years  of  cllaatlo 
obeervatlcna  at  Camp  Rale  the  average  aaonnts  of  snowfall  for  JanuaiT, 
February,  and  March  were  17,  22,  and  23  inches  respectively  (Table  I). 
This  volume  of  snow  was  reduced,  mostly  by  cosipactlon  and  sublimation, 
to  average  depths  ea  the  ground  of  15,  14,  and  19  inches  in  those 
months.  Climijc,  2,CX)C  feet  hl^er,  averaged  mor»  than  30  inches  of 
snowfall  In  each  month  fraa  Novesber  thi'ough  April  In  a  5-year  record 
(Fid*  32  and  Table  IT),  The  averags  depth  of  enow  on  the  ground  in  a 
^year  record  was  2  feet  In  December,  3  feet  in  Jarruaiy  end  February, 
and  4  feet  in  March.  Depth  of  snow  on  the  ground  \isually  but  not 
necesearily  Increasee  with  altitude. 

In  February  1955,  i^en  Climax  had  no  more  than  its  rx>nial  3  feet. 
Shrine  Past  (Fig.  IS)  at  the  northern  end  of  the  Camp  Hale  reservation, 
500  fast  lover  than  Climax,  had  approximately  5  feet  of  aoft  Know, 
etrou^  to  render  moriecat  by  mule  or  overerKw  vehicle  difficult.  Thla 
difference  In  snow  cover  is  probably  the  result  of  heavier  errowfall 
where  the  Gore  Barege  and  Ten  Mile  Range  Intercept  the  prevailing  west¬ 
erlies.  Another  cootrltutlng  factor  la  the  drifting  of  snow  off  the 
broad  rldgea  just  aouthvest  of  Shrine  Paaa. 


Fig.  IS.  The  Shrine  Pass  bivouac  at  about  11,000  feet  elevation, 
Febniaiy  1955,  shewing  the  deep  winter  snow  and  gentle 
terrain  of  the  subalpine  area  9  miles  northeast  of  Cai^p 
Halo.  The  Batsive  snow  comice  on  the  divide  in  the 
background  is  the  principal  barrier  to  movettsot  on  akia. 
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Precipdtatlon  in  cjcceas  of  O.OL  inch  (1.*.,  a  definit*  la^nr  of 
•now)  falls  at  Dilloo  6  or  9  daja  in  oach  winter  month,  on  tha  areragc, 
Lsadville  gets  such  falls  an  average  of  10  or  11  days  per  month  in 
Deceober  and  January,  and  12  days  per  month  in  February  and  Harch* 

Tha  frequency  of  doudy  days  increases  during  the  winter  season. 

In  Oeccsfcer  Dillon  has  an  average  of  10  cloudy  days  and  in  Karch,  14* 
Leadville  has  an  average  of  8  cloudy  days  in  December  increasing  to 
12  in  Xarch.  As  would  be  expected,  the  number  of  clear  days  decreases 
over  the  same  period;  Dillon  reports  only  6  clear  days  in  an  average 
Harch.  Cloudiness  varlss  greatly  from  year  to  year.  Dillon  has  had 
as  few  as  31  and  as  sany  as  6?  cloudy  days  in  the  ^-month  winter  period. 

(3)  Spring  Clliiata  (April,  Kay,  and  June) 

During  this  period  of  rising  temperatures  both  the  hipest 
and  lowest  readings  at  tha  four  Etatlons  near  Camp  Hale  are  observed  at 
Dilloo.  Homing  teaperatures  at  Dillon  are  usually  below  freeeing  as 
late  as  Kay  and  frost  is  comaon  as  late  as  June.  Few  afternoons  in  April 
and  no  afternoons  in  June  have  freezing  temperatums.  On  an  average  June 
day,  Dillon  has  a  teaperaturo  range  of  40  F  degrees.  In  June,  tempera¬ 
tures  as  hl^  as  67°F  and  as  low  as  11°F  have  been  recorded.  Cliiwax  and 
Leadvi‘*le  have  considerabljr  less  variation  in  temperature. 

In  April,  rain  or  snow  may  occur  at  any  level  in  the  Camp  Hals  area, 
although  most  of  the  precipitation  at  Climax  ie  snow.  The  heaviest  total 
April  snowfall  at  Climax  in  a  period  of  5  years  was  SI  inches;  the  aver¬ 
age  for  that  month  was  36  inches.  Dillon  and  Leadville,  with  longer  re¬ 
cords,  have  had  46  and  34  inches  respectively  of  snowfall  in  April.  Their 
average  falls  in  that  month  were  24  and  19  inches.  The  greatest  depth  on 
the  ground  in  April  ranges  from  about  5  foet  at  Climax  to  2  feet  at  Lead¬ 
ville,  Even  in  June,  Climax  cay  have  2  feet  of  snow  cover.  Snow  cover 
is  uncertain  at  Leadville  and  Dillon  in  Hay  and  unusual  in  Juno. 

During  the  8prir.g  period  the  number  of  days  a  month  on  which  measura¬ 
ble  precipitation  is  recorded  gradually  decreases.  At  Leadville  there  is 
an  average  of  13  days  in  April,  11  days  in  Kay,  and  8  Jays  in  June  with 
precipitation.  In  extretos  years  at  Leadville  as  many  as  20  days  in  April 
and  as  few  as  2  days  in  June  have  precipitation,  Dillon  averages  fewer 
days  with  precipltatioa  than  Leadville,  w>th  11  in  April  end  6  in  June. 

Kairch,  April,  and  Kay  are  the  cloudiest  months  in  the  Camp  Rale  area. 
Dillon  averages  4  dear  days  and  13  cloudy  days  In  Apidl  with  as  many  as 
20  cloudy  days  in  sotae  years.  Cloudiness  is  reduced  in  June,  with  an 
average  of  7  cloudy  days  per  month  at  Dillon,  but  in  some  years  as  many 
as  11  cloudy  days. 

Thunderstorms  are  a  regular  feature  of  the  spring  climate  of  Camp 
Hals.  No  data  are  avallabls  on  their  frequency  but  they  are  less  fre¬ 
quent  than  on  the  east  slope  of  the  Colorado  Rockies. 
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(i)  Swwr  Cllwatg  (July  and  Auguat) 

Frost  occAslonaUy  occurs  during  suraner  nights  in  th«  C«iq;> 
E*l*  sroa,  wist  frequently  at  the  lover  levels.  The  moan  daily  ainiJUB 
terT>«rature  in  iugiist  at  Dilloo,  a  relatively  low  station,  is  34°F 
(Table  II},  while  at  Cliaax,  2,^^  feet  hi^er,  the  nean  daily  ndnljnat  is 
38°F.  The  highest  afternoon  tejqseratures  in  the  area  also  occur  at  low 
elevations.  In  August,  Dillon  has  a  nean  dally  maximuit  of  73°F  and 
teaperatures  abcre  60°F  occur  in  scae  years.  Leadvllle,  1,300  feet 
hi^er,  has  an  August  nean  naxlB'jji  cf  70°F  and  teisperaturer  above  80®F 
have  occurred.  At  Climax,  the  August  mean  siaximuB  temperature  Is  62®F 
and  the  absolute  caxlEua  is  only  69^*  A  higher  absolute  maxlmun  would 
be  expected  in  a  record  longer  than  3  years, 

leadvllle,  Just  east  of  the  continental  divide,  hae  a  well>ttarked 
sumaer  maximua  of  precipitation,  siailar  to  but  less  strong  than  the 
summer  maxlaa  characteristic  of  rest  stations  on  tha  east  slope  of  the 
Colorado  Rockies.  Hean  rainfall  in  July  at  Leadvllle  Is  2,9  inches  and 
In  August,  2.2  Ixiches  (Table  IH).  Iba  caxl^ua  monthly  precipitation 
recorded  In  July,  the  greatest  of  ary  month  at  Leadvllle,  is  8,7  inches. 

At  tha  other  extreoe,  Leadvllle  was  almost  rainless  during  one  July. 

Dillon,  thou^  vest  of  the  divide,  also  has  a  summer  maximua  of 
precipitation.  Its  July  average  is  2.0  Inches  and  its  maxiasun  for  that 
month  is  5*6  inches.  Snew  ha?  never  occurred  at  Dillon  in  July  or  August 
dui-lng  its  22  years  of  record,  and  only  a  trace  has  been  reported  for  July 
at  Leadvllle  in  a  19-year  record  (Table  IV).  Climax,  being  higher,  has 
had  one  July  and  one  August  snowfall  in  a  S-ye^u*  period.  Summer  snowfall 
is  more  common  at  elevations  above  that  of  Climax  (11,300  feet). 

leadvllle  bad  an  average  of  13  days  a  month  with  precipitation  in 
July  and  August  d-uring  a  13-year  period  of  record.  During  this  imlatively 
short  period  thers  ward  as  many  as  21  days  and  as  few  as  7  days  In  August 
with  measurable  precipitation,  IXiring  the  same  period  Dillon  averaged  8 
days  a  month  in  July  and  August  with  precipitation.  At  Dillon  there  were 
as  many  as  1?  days  and  as  few  as  1  day  in  August  with  measurable  precipi¬ 
tation. 

Because  sutcer  precipitation  is  mainly  in  the  form  of  showers,  in¬ 
cluding  many  tlrandershowers,  periods  cf  rain  in  summer  are  usually  not 
long.  Partly  cloudy  days  are  much  more  coomon  tlaan  entirely  cloudy  days. 
Dillon  and  Leadvllle  have  an  average  of  17  p»artly  cloudy  days  per  month 
In  July  and  August. 

(5)  Fall  Climate  (Scot ember.  October,  and  Mavenber) 

The  transition  froa  mild  sumer  to  cold  winter  is  under  way 
in  the  Camp  Rale  area  by  late  Avigust  or  early  September,  In  September 
freezing  tg^Mratures  can  be  expected  on  most  ni^ts  at  Dillon  (mea.!  daily 
ralnlraun  27°F)  and  about  half  the  nl^ts  at  Climax  and  LeadviUe  (mean  daily 
minimum  33°^)-  Daytime  teeiperatures  are  still  mild.  At  Leadvills,  after- 
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in  the  60* »  during  S«pt«rt)er  and  in  the  50'» 
durl^  Ooteber.  Dillon  1»  ellghtlj  Warner  during  the  day  and  Cllnax  in 

^t«iu>er,  16F  degrees  greater  than  tlie  range  at  cn»*-r, 

out  tSi  *  **“  ■oothly  teeperatnres  are  below  ftreealng  through- 

OTt  the  Cajsp  Hale  area.  Sooe  nights  are  very  cold  with  below 

day*  are  with  afternoon  Uaperaturas  abon 

**  ^  **  and  as  low  as  OO^FSTroccurreTS 

both  IliJLi!  fvl®r  throu^out  the  area.  LeadriUe  and  Dmeo 

TOth  average  about  one  Inch  of  precipitation  in  each  fall  nonth  (Table  HI) 

!?n  ^  Septenbor  (Table  IV)  but  only  in  unusSl  years^* 

jrtll  t^re  be  significant  snow  cover  in  that  nonth.  By  October  a  coasldera- 

^noral  ^  *j^«r  aleraticns  and  IntenalttoDC  at  low  levels.  Durln* 

22  inches  of  snowfall  but  not  jaore  than  5 
Novell- tine.  Snow  cover  nay  reraln  scant  in 
^  covered.  Total  falls  during  the 

frca  15  to  h6  inches  during  its  shS^eriod 
^  ground  thare  during  the  Mae 
S  HweiSer!^  inches.  LejadviUe  and  Dillon  have  soaouhat  less  snowfall 

MMsurable  preclplUtlon  in  the  fom  of  rain  or  snow  occurs  in 

*"  7  days  at  Leadville  and  4  days  at  DlUoo.  By 

precipitation  has  increased  to  10  at 
lo  a  13-y9ar  period  of  record  Loadvllle  had 
as  many  as  15  and  as  few  ss  3  days  with  preclpitaUco  in  Movesaber, 
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3.  The  Fijces  Peak  TOuntain  training  area 

As  a  rocrtAln  warfare  trainir^  area  the  PiVes  Peak  upland  has  both 
advantages  zrti  disadvantages  when  compared  with  Carp  Hale.  The  relief  of 
the  Pikes  Peak  area  is  2,500  feet  greater  than  that  of  the  Camp  Hale  area. 
iTho  high  poi-tts  of  both  regions  are  slightly  above  14,000  feet  but  've 
nKiintairsides  of  the  Pikes  Peak  region  rise  from  approximately  6,0Co  feet 
whereas  those  near  Camp  Hale  generally  start  from  8,500  feet  or  laore.  Be¬ 
low  the  alpine  and  subalpine  vegetation  zone  (Fig.  19),  which  are  also 
present  at  Camp  Hale,  the  Pikes  Peak  region  has  first  a  cx>ntane  forest 
zone,  then  a  narrow  belt  of  either  scrub  oak  chaparral  or  pinion-juniper 
woodland,  and  finally  the  short-grass  steppe  vegetation  of  the  western 
margin  of  tha  Great  Plains. 

In  one  irpertmt  respect  Pikes  Peak  compares  unfavorably  with  Camp 
Hale;  the  lack  of  reliability  of  its  winter  snow  cover.  Like  much  of 
the  eastern  slope  of  the  Colorado  Rockies,  it  is  usually  almost  bare  of 
snow  above  tirberllne  throiigh  much  of  the  winter  and  may  have  too  little 
snow  for  skiing  even  in  the  upper  subalpine  zone. 

There  is  no  land  reserved  especially  for  military  use  on  the  Plkss 
Peak  uplar.d.  I.uch  of  the  high  country  around  Pikes  Peak,  including  the 
part  which  has  the  most  precipitation,  is  utilized  as  watershed  by  . 
Colorado  Sprir^s  and  other  towns  around  the  base  of  the  upland,  thus 
limiting  its  availability  for  military  training.  There  are  also  a 
consiJern'-le  rranber  of  guest  ranches  and  other  tourist  facilities  along 
the  roads  through  the  upland,  and  the  residential  areas  of  the  nearby 
towns  extend  well  up  the  mountain  flanks  from  the  plains  to  the  east. 
However,  for  military  activities  such  as  rock  climbing  classes  and 
marches  in  »d:ich  the  location  of  tixrcps  can  be  closely  controlled, 
the  Pikes  Peak  area  has  been  very  convenient. 

The  road  net  in  the  vicinity  of  Pikes  Peak  is  as  good  as  that  in 
the  Camp  Hale  area.  Roads  give  access  to  considerable  areas  usable 
for  training  in  the  montane  and  lower  subalpine  zones.  The  Pikes  Peak 
tell  road  and  cog  railway  climb  the  mountain  from  Cascade  and  Hanitcu, 
respectively,  on  Route  24,  providing  easy  access  to  the  high  alpine 
zone.  Jeep  trails  reach  upper  subalpine  cind  low  alpine  points  along 
the  eastern  margin  of  the  highland  from  Route  336  and  the  Kanltou  area. 
There  are  cany  foot  trails  throughout  the  area.  Off-trail  foot  travel 
is  reasor^ably  easy  on  much  of  the  uplanl  and  its  flarks. 

Military  observation  flights  in  the  Pikes  Peak  area  have  been  made 
from  the  Fort  Carson  light  aircraft  field.  Light  plane  landings  are 
possible  at  airy  points  in  the  9,000—  to  10,000  —  foot  zone  of  the 
upland.  Kuch  of  the  upland  is  within  the  altitude  limits  of  practical 
operation  of  helicopters,  including  all  of  the  very  ruggei  peak-and- 
canyon  topography  below  9,000  feet  around  the  margins  of  the  uj^and. 
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PIKES  PEAK 
UPLAND 

Topography  And 
Altitudinal  Zonation 


KVP  /SPRINGS 


A.  To?e-er»3hr  and  aurfaca  types 


Th«  Pikes  Pftik  upland  is  a  roughly  circular  platsau  .which  is  shot* 
17  milas  la  diiaater  and  9,000  to  11,000  feet  high  over  much  of  its  axM 
(Pig.  19).  Ixrept  to  the  northwest,  whore  it  falls  away  as  a  gradually 
descending  hilly  plateau  ourface,  it  is  surrounded  by  2,000—  to  3,000— 
foot  scarps  which  are  canred  into  peaks  and  canyons.  From  the  plateau 
surface.  Pikes  Peak  rises  to  1A,107  feet  in  the  northeastern  i)art  of  the 
upland.  Srrsral  of  the  spurs  and  outliers  hare  sunaits  between  12,000 
and  13,000  feet  hi^. 


Except  fee  the  Cripple  Creek  ninerallzod  area  and  a  small  southern 
peninsula  of  Betasaorphic  rock,  all  of  the  Pikes  Peak  upland  is  granite. 
Sedimentary  rocks  occur  only  around  its  margins  well  below  the  plateau. 
As  is  often  true  in  the  mountains  of  subhumld  regions,  the  panite  here 
tends  to  decay,  becoming  a  sandy  or  gravelly  material  (grus)  which  is 
the  characteristic  residual  subsoil  of  the  upland.  The  grus  is  dry 
and  seeocs  t-o  t«e  a  poor  source  of  plant  nutrients.  Much  of  it  is  bare 
of  soil  and  regetation,  especially  in  the  Almagre  Mountain  area  south* 
cast  of  Pikes  Peak  (Fig.  19). 

fl)  Cliffs 


Eigh,  steep  cliffs  of  ice-carved  grairite,  suitable  for 
rigorous  te-rts  of  rock-clii*ing  techniques  and  equipment,  are  present 
on  the  beaditslls  of  the  great  glacial  cirques  which  form  the  northeast 
face  of  Pikes  Peak.  Examples  of  such  cirques  are  the  Crater,  the 
Bottonless  Fit,  and  Glen  Cove  (Pig.  20),  Their  headwalls  are  1,000-2,000 
feet  >i^£h  jLnd  scse  of  the  sheer  cliffs  are  several  hundred  feet  high. 
Smaller  cliffs  bare  been  carved  on  the  flanks  of  two  glacial  trouf^s 
which  descersi  scuthvestward  from  the  summit  ridge  of  Pikes  Peak  to  the 
upper  flats  cf  Vest  Eeaver  Creek  near  the  upland  village  of  Gillett 
(elevation  10,CCO  feet).  Many  other  cliffs  throughout  the  upland  and 
on  its  flanks  hare  been  produced  by  the  resistance  to  weathering  of 
parts  of  the  granite  which  are  more  massive  and  durable  than  the  rock 
which  surmunis  thea.  Cliffs  of  this  sort  are  usually  not  more  than 
100  or  200  feet  high.  They  are  excellent  sites  for  training  in  mili¬ 
tary  rock-cliriing  and  are  not  so  extensive  as  to  require  long  detours 
by  troops  laarchirng  cross-country.  Granite  cliffs  and  towers  at 
approximately  7,CC0  feet  in  North  and  South  Cheyenne  Canyons  are  fre¬ 
quently  used  fer  rock-climbins  classes  because  they  are  steep,  firm 
ro<k  and  are  easily  reached  from  Fort  Carson. 
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Fl^.  20,  Glea  Cofa  on  Pikas  Peik,  cno  of  a  nwsber  of 

filaciallj  etaapenad  cliffs  slonf  the  northwest  flank 
of  the  peak. 


Special  care  should  b«  used  clicblnif  on  the  headwalls  of 
the  cirtiues  of  Pikes  Peak  to  avoid  tones  of  rockfall  which  exist 
where  the  cliffs  lie  below  extensive  creeping  rubble  masses  near 
the  sisBoit. 

(2)  Rubble  gjseea 

The  avRclt  rubble  field  of  Pikis  Peak  is  a  classic 
aocarple  of  a  felsewieer  (Fig.  21).  It  is  a  broad  dome  of 
angular  graxdte  blocks  having  no  soil  in  their  interstices  and 
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FI*.  21.  Tb«  avuntlt  felsenaoer  on  PiVes  Peak.  *  ri.mi  •outiwtrd 
ilong  the  route  of  the  oog  railway. 


onlr  a  few  vlalble  pocket*  of  gras.  The  rubble  sheet  cc^ra  not 

S  the^t  butTlso  a  considerable  part  of  the 

BlSs  Of  the  siountaiii.  In  places  Its  lower  aarglns  are  to^lik# 

rubble  masses  wlch  are  or  have  recently  bow  very 

rldlrir  the  soil-covered  slopes  below.  In  other  places  the 

bis  t^sdually  accv-rolatei  soil  as  It  has  bov^ 

no  definite  downhill  Kir^.  host  ^ 

Pikes  Peodt  vpland  are  similarly  capped  and  partly  flaJeal  by 

felssnicoer. 

Talus  slopea  at  and  above  the  pl«t«au 
creep  actively  just  as  they  do  near  Cany  fela.  As 
area,  deep  accumalatlcM  of  talus  bolw  cliffs  give  . 

rlaclers  In  soee  Instances.  In  the  cirques  on  the  norJwst  face  of 
Pikes  Peak,  active  rock  glaciers  are 
glaciers  have  cccrplod  the  cirques  too  rece^  ^  allow 
accuBulatlon.  Qlaclal  eoraines  have  givCT  rlae  ^  St!l 
down-valley  fro*  the  cirques,  however.  These  loralne-derlved  rock 
glaciers  are  now  overgrown  with  forost. 


Fig,  22.  Unber  pino  oi  •  <lrought7  south-faclsg  slop*  aantled  ultb 
disintegrating  gnnite  rubble,  Alaasre  Mountain,  in  the 
valley  Is  a  sedge  bog  ringed  by  subalplne  eeadow  growing 
on  szall  alluvial  fans,  surrounded  by  spruce-fir  forest. 


As  in  the  Casp  Hale  area,  rubble  msses  which  creep  downward  onto 
IncreaeliTgly  steep  slopes  teivl  to  create  unstable  situations  in  which 
care  east  be  used  to  avoid  sotting  in  motion  boulders  which  night  in¬ 
jure  perswjs  below.  As  already  noted,  felsennaers  above  cliffs  are 
llkeij  to  c  use  occasional  rockfslls  spontaneously.  The  downhill 
(snout)  end  of  any  active  rock  glacier  is  also  likely  to  be  an  area  of 
unstable  boulders  and  should  be  ti^aversed  cautiously  if  at  ■IT. 

(3)  Rubble  soUa_and  other  steep  soil  surface^ 

Kountainslda  soils  on  Pikes  Peak  are  genorally  thin  »"d 
droughty  because  they  are  formed  frca  grus  (Fig.  22).  In  most  parts 
of  the  region  they  have  nevertheless  becoBvo  nonsal  rubble. soils 
similar  in  many  ways  to  those  described  in  the  Cajsp  Hale  section. 

Rear  Almgre  Mountain,  however,  there  are  napy  slcpes  on  which  the 
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granite  has  decayed  so  heavily  that  there  is  very  little  rubble  at  the 
surface  of  the  grus.  Practically  rubble-firee  grus  also  aocuaulates  as 
cones  at  the  base  of  many  such  slopes.  Even  on  mbhle-free  slopes  the 
grus  is  so  well  drained  that  the  mantle,  consideired  as  a  whole,  is  quite 
stable  at  all  seasons.  The  surface  of  the  barren  grus  slopes  is  loose, 
however,  its  texture  being  that  of  coarse  sand  or  fine  gravel.  Kove> 
nent  across  steep  slopes  of  such  material  is  soss;dst  laborious.  Frost 
has  a  strong  effect  on  grus  slopes  even  though  it  does  not  disturb  then 
deeply.  Keodle  ice  forming  Just  below  their  surface  dislodges  the 
uppermost  particles  at  such  a  rate  that  road  cuts  and  other  artificial 
depressions  fill  up  rapidly.  Grus  is  easily  worted  by  road-building 
equipment  and  makes  a  reasonably  good  surface  for  Jaep  trails. 

(4)  Ali,vryV>l  fajia 

A  considerable  part  of  the  surface  of  the  Pikea  Peek 
vplarid  at  the  plateau  level  (9.000  to  11,000  feet)  la  nade  up  of 
jioderately  steep  to  gontly  eloping  alluvial  fans  foraed  of  naterial 
washed  .down  from  the  slopes  of  the  hills  and  lower  ncuntainsidea. 

The  fans  have  a  fairly  smooth,  rock-ftree  surface  at  fine  soil  over 
gravel  and  rubble.  A  good  deal  of  hay  is  grown  ha-vestod  cr, 
tltesa  feuxs  near  the  9*0o0-£oot  level  (Fig.  ^). 


Fig.  23.  ^e  Pikes  Peak  upland.  A  view  southeastward  toward  the 

suiTsnlt  of  Pikes  Peak  (elevation  14,10?  feet)  froa  near  the 
upland  village  of  Divide  (9,000  feet). 
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The  belt  of  chaparral  along  the  lower  edge  of  the  mOT^e 
Fort  Carson  grows  on  remnants  of  another  sctve  of  alluvial  fans  which  were 
once  part  of  the  stargin  of  the  Great  Plains.  The  fans  now  staM  sose- 
whit  above  the  plains  level  and  are  ecca  eroded,  but  considewble  a^i 
of  their  upper  surfaces  r«aain  locally.  Like  the  plains  to  the  east 
ani  the  alluvial  fans  of  the  upland  to  the  west  they  have  fine  soU 
without  sMch  surface  rubble. 

At  the  base  of  the  upland  south  of  Fort  Carscn  and  partly 
it  is  a  foothill  tone  forwed  of  alluvial  fans  higher  than  those  d.,4t- 
cussed  above,  new  so  deeply  eroded  that  little  of  their  old  upper 
siirface  reeuiins. 


(5)  Koist  soils  and  bogfl 

Poorly  drained  grounS  is  auch  less  eoctenslve  in  the 
Pikes  Peak  area  than  near  Camp  Hale,  Pikes  Peak  there  are  no  poorly 
drained  steep  slopes  such  as  those  which  occur  in  some  high 
near  Hs.l'*  ui;‘gins  in  “SS?  Hale  are*  would  os 

bo£zy  are  usually  fir*,  thou^  often  aoist.  Except  where  precipl^tion 
is  exceptional,  the  few  bogs  near  Pikes  Peak  are  sedga  tegs,  f<^  in 
certain  subalplne  valleys  which  have  unusually  low  gradients.  Itolst 
areas  near  the  Seven  lakes  basin  and  lake  Moraine  have  willow  bogs 
sisdiar  to  those  which  are  widespread  near  Cajt^  Hale. 


Willow  bogs  are  a  banrler  to  foot  and  vehicle  Boveawnt  Just  as 
they  are  at  Canp  Hale.  The  scarcity  of  stream-bank  bogs  els^re  in 
the  Pikes  Peak  upland  means  that  strean  crossings  are  generally 
easier  than  near  Camp  Hale.  The  sedge  bogs  described  above 
ccfflsistontly  surrounded  by  a  lia  of  alluvial  deposits  over  irtiich 
■rrsaont  is  poasible  either  on  foot  or  by  vehicle,  permitting  easy 
detours  around  the  bogs. 


b.  VeKetatiaa 

(1)  Alolne  vegetation,  subaloinejoadow.  and  short-jgusy  8tep2a 

Tnree  types  of  low  vegetation  occupy  well-drained,  soil-covered 
in  the  Pikes  Peak  region  at  different  alUtudes,  each  type  passing  Into  the 
next  ty  gradual  transition. 

(a)  The  open-ground  vegetation  which  dominates  the 
nearest  lowlands  also  occurs  on  sunny  slcpes  up  to  the  middle  of 
sutelpine  zone.  On  the  Pikes  Peak  upland  this  v^eUtlw  Is  short-^ss 
stexe.  dominant  cn  the  adjacent  Great  Plains.  The  equlyal^t  vegeUtloD 
at  Hale  is  sagebrush,  which  is  doednant  downstrea*  in  the  Eagle 
River  and  Colorado  River  valleys. 
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Fie.  24.  A  view  of  Pikes  Peak  across 

^  Pikes  Peak  upland,  taken  from  A^Agra 

foreground  is  a  sedge  meadow.  Folsenneer  is  drr«4jpu>e 
from  a  shattered  outcrop  at  the  rlgjit. 


(b)  Moisture  becomes  taore  abundant  in  the  itfdcJIe  and 
upoer  subalolna  zone  of  the  Pikes  Peak  region  ^  the  £t«^e  g^ss- 
SS  gives  way  to  meadow  similar  to  the  suhalpine  meadows  cf  toe 

Camp  Hale  area. 

(c)  As  the  meadows  continue  upward  into  . 

xon.  th.  d.n».  Kohr.sU  sedge  turf  (dor  sedge 

In  the  section  on  Csnp  Kale  becones  tte  ^ 

patches  of  this  sedge  meadow  are  found  on  Pikes  Peak  as  — ^2  as 

13,000  feet  (Fig.  24). 

Because  less  snow  falls  in  winter  on  the 
at  similar  elevations  near  Camp  Kale  and  because 
above  timberline  is  blown  off.  the  alpine  sl^s 
late  less  soil  moisture  and  have  less 
than  the  alpine  slopes  above  Camp  Hale.  This 
of  the  granitic  soil  are  presumably  the  ^ 

tj’oes  of  alpine  vegeUtlon  are  much  less  abuj^t  on  reaxt^ 

near  Camp  Halo.  Such  vegetation  is  found  on^ 
drainage  lines  on  Pikes  Peak.  Dry  sedge  raeadw  is 
apparently  being  adequately  watered  hy  precipitation  in  -a-e  spring 
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Pikas  Paak  and  the  rest  of  the  eastern  flank  of  the  Colorado  Rockies 
hare  short-grass  steppe  vegaUtlon  in  sunny,  open  areas  below  the  middle 
of  the  subalpine  zone.  The  presence  of  this  vegetation  type  rathar  than 
sagebrush  is  apparently  related  to  the  well-defined  suasser  of 

precipitation.  The  western  flank  of  tha  range,  where  sagebrush  grows  in 
siadlar  situations,  has  little  er  no  more  precipitation  in  saxmar 
at  other  seasons.  Besides  requiring  sore  moisture  during  the  sumer, 
grass  is  Bore  closely  confined  to  fine  soils  than  sagebrush.  In  addition 
to  its  occurrence  cn  the  high  plateau,  chort-grass  steppe  reappears  as 
the  dcninant  vegetation  type  on  the  Imer  slopes  of  the  upland  and  on 
the  plains  to  the  east. 

Military  vrfilcles  can  nova  freely  over  loost  of  the  slopes  occupied 
by  steppe  grasses  as  woll  as  over  mariy  subalpine  neadows.  Soee  subelpine 
msAdotn  and  r-iny  alpine  iwadows  are  too  steep  and  rocky  for  vehicles  but 
others  are  traversable.  Troops  will  roqulre  oleated  soles  or  their 
equivalent  on  steep  meadow  slopes  in  noist  weather.  Otherwise  no  diffi¬ 
culties  nay  be  expected  In  crossing  such  slcpes  on  foot. 

(2)  AgrK?n  forest 

As  at  Canp  Halo,  aspen  on  the  Pikes  Peak  UfOand  normlly 
cccuplos  positioiis  interoediate  between  shady  slopes  which  si^3port 
cenifars  and  surciy  slopes  covered  by  steppe  or  oeodow.  locally  it  «ay 
ccccpy  shady  slopes  in  a  subalpine  area,  usually  where  such  slopes  are 
gentle  and  have  been  logged  off  in  the  past,  as  Is  the  case  near  Cripple 
Creek.  In  other  subalpine  areas  aspen  aay  occupy  eoniy^  slopes,  usually 
where  such  slopes  are  too  rocky  to  be  doBinated  by  steppe  grasses. 

In  tha  upper  nontane  zone,  aspen  is  often  found  in  pure  stands  on 
8\nvy  slopes  which  would  otoerwiso  have  steppe  grass  or  open  conifers. 
Vlare  rerry  slopes  are  particularly  rocky,  aspen  sny  be  niazd  with 
pcfjlarosa  pine;  open  areas  of  steppe  grasses  nay  then  he  entirely  absent, 
kh-re  part  of  a  slope  is  in  aspen  and  the  rest  grass,  the  aspen  Is  often 
La  circular  clunps  50  yards  or  siore  in  diameter. 

(3)  Ceniferoue  forest 


Subalpine  forest  of  Engelmann  spruce  and  subalpine  fir 
Is  Important  on  .the  Pikes  Poak  xiplard  between  about  9,000  aol  12,000 
fast,  but  is  ETOch  less  ccanmonly  donlnant  than  in  the  same  zone  at 
Caap  Hals,  Steppe  grasses,  subalpint  nsadow,  and  aspen  are  each 
alDost  as  extensive  as  spruce-fir  in  this  zone,  and  stands  of  Haber 
and  foxtail  pine  are  also  eoraiKu  (Fig,  22).  Limber  and  foixtall  pines 
are  trees  of  especially  windy,  sunny,  or  well-drained  sites.  They  are 
ccMBCo  cn  ridges,  theu^  not  in  extensive  mountainside  stands  as  on 
Pikes  Peak,  throughout  the  eastern  flank  of  the  Colorado  Rockies. 
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25.  Kontano  forest  of  ponderosa  pine  and  Douglas  fir,  00  the  outer 
scarp  of  the  Pikas  Peak  upland  near  Colorado  Springs,  Oak 
scrub  In  the  foreground  Is  pai^  of  the  narrow  belt  growing 
between  the  conlfetx>us  vegetation  and  the  grassluid  of  the 
Great  Plains  near  Fort  Carson. 


They  are  loich  less  coinnon  on  the  western  flank  of  the  range.  Including 
Caqp  Kale,  Stpj-ids  of  Douglas  fir  and  lodgepole  pine  also  occur  In  the 
lower  subnlplne  sone,  siostly  on  old  bums. 

The  transition  fron  subalplne  to  montane  forest  In  the  Pikes  Peak 
upland  nsarly  coincides  with  the  Irregular  but  fairly  well  defined 
bcjndary  which  exists  near  the  9t000--oo^  level  between  the  lower  edge 
of  the  plateau  tone  of  the  upland  and  the  rugged  plateau  margins  below 
that  elevation.  Below  9 <000  feet,  forest  is  nuch  more  abundant  than  00 
the  plateau  because  the  slopes  are  too  etcep  and  rocky  for  well-developed 
grassland.  The  dooinant  trees  of  the  nontane  me  are  ponderosa  pine 
and  Douglas  fir  (Fig.  25).  In  the  upper  part  of  that  eone  Douglas  fir. 

Is  doEinant  on  most  shady  slopes.  Sunny  slopes  have  mlxod  growths  of 
poinderosa  pine,  Douglas  fir,  aspen,  and  steppe  grasses.  The  conifers 
ara  usually  In  open  stands  on  such  slopes,  Lodgepole  pine  Is  coonon 
on  old  bums.  D«ise  stands  of  small  lodgep>ole  pine  and  aspen  are 
barriers  to  troep  ssovenent. 


Sj)Tue*  wid  wihftlpln*  fir  foUo"*  str'wui  banks  wsU  do*®  Into  tbs 
aastin*  too*  bscausa  by  their  sdstness,  and  because  of  the  cold  air 
^<Xfi  drains  dom  the*,  particularly  at  ni^t,  such  sites  resemble  a 
scbalpine  earlronaentt 

At  low  altltodes  In  the  mcntaae  icce,  pooderosa  pins  is  co«aoly 
»rith  Douglas  fir  on  shady  slopes  but  coopletely  dominates  sunny 
alcpes,  usually  In  open  stands.  SUppe  grasps  are  the  normal  ^®ta- 
tlcn  ualer  stands  of  ponderosa  pine  tut  are  often  merely  scattered  amooc 
the  Kicks  of  the  steep  slopes  rather  than  forming  real  grassland.  Cottco- 
c«aaonly  occupy  stream  banka  In  this  tens. 

Scatterjd  mats  of  dwarf  conifers  (knaahcla)  slnflar  to  those  found  • 
at  above  Casp  Hale  grew  as  felscameers  at  tlnberline  on  Pilcee 

Peak  and  adjacent  suanlts.  The  descriptica  given  in  the  Caap  Hale 
secticn  appliea  equally  well  to  the  Flkss  Peak  kmsnholi. 

e.  Clirait« 

(1)  Qsneral 

The  cllsiate  of  the  Pikes  Peak  mcorotain  training  area  Is  oven  more 
Tiriud  than  that  of  the  Caap  Bale  area  because  of  the  greater  range  la 
eltr^itlen.  It  also  has  distinctive  regicnal  characterises  to 

extent  ccatrast  with  those  of  the  Ca'p  Bale  area.  In  pert  these 
serial  characteristics  are  due  to  the  position  of  Pikes  P^  m  the 
eastern  flank  of  the  Colorado  Rockies,  cccparcd  with  Camp  Hale  s 
pcsitioi  CO  the  western  slope.  In  part  they  are  due  to  the  Is^^t^ 
pcsitloQ  of  the  mountain  and  its  svanrwnding  upland,  cut  off  from  the 
rain  range  by  South  Park, 

Poor  weather  stations  are  used  as  a  basis  for  describing  the 
clURite  of  tbs  Pikes  Peak  area  (Fig.  19).  Colorado  Springs  is  at  t^ 
eistem  baas  of  the  upland,  not  far  frea  Fort  Carson,  the  of 

ah.*  ch  it  represents  woU,  Lake  Koralns  is  a  station  at  10,263  feet  in 
a  ^slr.  on  t.be  e^st  slope  of  Pikes  Peak.  The  Pikes  Peak  sunAt  sUUoo 
is  at  an  elsratlcn  of  14,111  fest.  Cripple  Creek  is  at  9,^  * 

Talley  near  tlie  western  margin  of  the  upland.  Data  for  Co:^]^o^ringa, 
luxe  Moraine,  and  Pikes  Peak  are  presented  in  Tables  V  to  VU,  and  in 
graphs  in  Appendix  B, 

Spidng  and  suaneer  come  earlier  at  Colorado  Springs  and  Fort  Carson 
•than  cn  the  upland.  Since  our  attectlon  is  primarily  on  the  upland, 
bnrrrer.  the  months  will  bo  grouped  into  seasons  as  they  wore  in  the 
discus slai  of  Carp  Hale  climate.  That  is,  winter  Is  described  as 
lasting  four  months,  and  sutwer  Is  eorrospondlngly  reduced  to  a 
2-aanth  period. 


TABLE  V 


MEAN  AKD  KTRvaG  T35PERATURB  IN  PIKES  PEAK  TRADilNS  AREA  C°r) 


•  • 


Jan  Feb 


JunJulAv 


Absolut*  max. 
Mean  dally  nax. 
Mean 

Mean  daily  min. 
Absolute  nln. 


Absolute  nax. 
Kean  daily  nax. 
Mean 

Mean  daily  nin. 
Absolute  nin. 


Absolute  nax. 
Mean  daily  nax. 
Kean 

Kean  daily  nin. 
Absolute  nin. 


Absolute  nax. 
Mean  daily  nax. 
Mean 

Kean  daily  nin. 
Absolute  I't. 


Colorado  Springs.  6,098  feet,  5>to  -':v»r  record 

73  74  78  82  92  101  97  96  95  87  78  ^  101 

43  44  51  58  66  77  82  80  74  63  52  61 

29  31  38  46  5*^  64  68  67  60  49  38  31  48 

17  16  25  33  41  50  54  54  46  36  25  18  35 

-32  -26-16  1  15  30  37  34  20  -  6  -26  -27  -32 

laVe  Moraine.  10.265  feet,  57-year  record 

56  56  61  65  70  85  82  82  75  71  60  62  85 

S  34  41  50  61  66  64  59  50  40  33  47 

20  21  24  31  40  50  54  53  47  38  28  22  36 

9  10  13  21  29  38  42  41  36  26  17  U  24 

-34  -37  -30  -12  -  3  14  27  24  8  -10  -19  -24  -37 

Pikes  Peak.  14,111  feet,  13-to  15-year  record 

30  29  43  39  47  63  64  62  55  47  33  30  64 

8  10  14  21  30  40  48  46  39  28  16  12  26 

2  4  8  13  22  33  40  38  31  22  n  6  19 

-4-3  1  71626343326I5  5  013 

-33  -37  -29  -21  -  8  2  18  15  6  -17  -36  -37  -37 

CriTX)le  Creek.  9.508  feet,  IZ-year  record 

57  60  61  69  75  79  ^3  83  ^  73  65  ^  83 

34  36  40  48  57  66  72  70  66  56  43  38  52 

22  23  27  36  44  52  59  57  51  42  30  25  39 

9  10  14  23  31  39  45  44  37  29  17  12  26 

-25  -27  -22  -11  11  19  27  28  15  -1  -I**  -16  -27 
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MEMJ  AMD  EXTREME  PRBCIPITATlCJI  JB  PIKES  PEAK  TRAIMIMO  AREA  (IMCHES) 

Jan  Mff  Apr  Mat  Jun  JuI  Au^  Oct  Hot  IW 

6,096  fe«t,  70-7»*r  record 
3.0  6,8  8.1  5.1  6,6  7.1  4,6  3.4  2.3  2,5 

0.7  1.6  2.2  1,8  2.8  2.4  1.1  0.6  0.4 

T  0.1  0.1  0  0,3  0,5  0  0.0  0.0 

jgj{7  10.263  feet,  56-yeir  recox^l 

4.0  16.6  7.0  7.5  8.2  9.0  6.2  5.1  3.4 

1.7  3.1  2.9  2.5  4.2  3.9  1.6  1.4  0.8 

0.2  0.7  0.5  0.1  1.3  0.9  0.1  0.1  I 

14,111  feet.  15“7eor  record 

3.8  4.6  7.8 

2.1  3.6  3,8  1,6  4,2  3.8  1,7  1.7  1.0 

0,4  0,4  0,4  0,6  0,4  0,2  0,4  0,2  0.1 
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12-year  record 
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6,096  feet,  6-year  record 

13^3Tt*1664 

‘  ?  J  I  *  I  •  s  3  2 

31TtOOOTri 

10.265  feet,  14-to  21-year  record 

^  101  75  11  2  T  13  33  20  24 

36  22  2  e  T  2  9  n  10  147 

^75*000020 

,  9.506  feet,  9"to  H-year  record 
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(2)  Winter  Cllrnt«  (Docfimbor.  January.  February  and  Hat-ch) 

Vinters  are  conpara  lively  Blld  at  Colorado  Sprinjjs  and  Fojrt  Carson, 
Dr^ijtts  teoperatvjres  at  Colorado  Springs  are  above  freezing  on  about  5  out 
6  days  and  teEporatures  above  70°F  have  occurred  in  each  of  the  winter 
•onths.  High  tasperatures  occur  during  strong  west-to-east  (downslope)  air 
■ovenents,  known  as  chinook  winds  or  "snoweaters".  During  such  winds  rela¬ 
tive  humidities  have  been  as  low  as  2  percent,  and  temperatures  nvay  rise  so 
fast  that  they  wipe  out  the  normai  diurnal  changes,  causing  the  highest 
temperature  for  sorae  days  to  bo  recoitled  at  night.  Low  temperatures 
occasionally  occur  at  Colorado  Springs.  The  absolute  minimum  teoperature 
there  is  -32°F  (January)  and  tenperatures  below  zero  must  be  expected  most 
winters. 

Snowfall  at  Colorado  Springs  is  normally  light,  averaging  2  to  4 
Inches  per  month  during  the  winter  months  (Table  VI  and  Fig,  41),  March 
averages  6  Inches,  and  as  much  as  13  Inches  have  been  recorded.  Some  rain 
also  occurs  in  winter. 

At  higher  elevations,  winters  are  progressively  more  severe  end  the 
amelioration  of  the  chinook  is  less  effective,  Kot  only  are  teiqjeraturos 
lower  but  precipitation  is  heavier  and  snow  is  a  regular  feature  of  the 
winter  environicent,  lake  Moraine  at  10,265  feet  normally  has  a  snow 
cover  all  winter  and  snow  depths  up  to  20  inches  were  reported  in  a  6- 
year  period  of  record.  Average  winter  snowfall  at  Lake  Moraine  is  almost 
as  great  as  at  Leadvllle  (at  about  the  saxte  elevation  in  the  Caaq?  Hale 
area),  >  at  mliiljcua  monthly  snowfalls  are  considerably  lighter.  This 
indicates  that  snow  cover  Is  loss  reliable  al  Lake  Moraine,  where  there 
has  been  a  December  without  snow  and  as  little  as  2  inches  of  snowfall 
in  January. 

Vinter  snow  cover  is  even  less  reliable  at  Cripple  Creek  than  at 
lake  Moraine  because  snowfall  is  lighter  /uvl  tenpieratures  are  hl^er. 

Most  winter  days  at  Cripple  Creek  have  maxinrua  tenperatures  above 
freezing  and  several  days  a  month  can  be  expected  to  have  tenperatures 
in  the  40*8. 

Pikes  Peak  is  one  of  the  highest  points  in  the  United  States  at 
which  regular  weather  observations  have  been  taken.  In  the  15  years  of 
record  its  temperature  was  never  above  freezing  In  December,  January, 
and  February,  Dally  minima  are  generally  below  zero  Ixit  the  absolute 
exti*eme  of  -3?  r  (February)  Is  no  lower  than  the  value  for  Lake  Moraine, 
and  Dillon  In  the  Casp  Kale  area  has  recorded  lower  tenperatures  in 
four  different  months.  As  Icportant  as  the  low  teeperatures  are  the 
chilling  winds.  The  average  wind  speed  in  winter  is  greater  than  20 
miles  p>er  hour.  Although  records  are  not  available,  there  is  no  doubt 
that  frequent  periods  of  gale  force  winds  occur. 


Prsclpitatlon  la  he*Tier  on  Plkea  Peak  than  aft  tha  lowar  eleratioos. 

For  the  entire  year^  twice  as  accb  precipitatioo  can  be  expected  as  at 
Colorado  Springe,  and  during  the  four  winter  nontia  the  average  precipita¬ 
tion  ie  five  times  as  great.  Snowfall  is  heavy  but  most  of  it  is  blown  off 
the  mountain  into  the  glaicial  cirqoea. 

(3)  Spring  Climate  {A:rll.  y.ay.  June) 

At  Colorado  Springs  cold  snaps  are  infre<p:ect  and  of  short  dvjatlon  in 
April.  An  average  of  one  day  a  month  has  temperatures  that  reisain  below 
freezing.  Some  snow  can  be  expected^but  appreciable  accumulation  is  un¬ 
usual.  By  June  temperatures  near  80  F  can  be  expected  on  most  afternoons 
(Table  V).  Precipitation  is  then  mostly  in  the  fora  of  afternoon  showers 
aeuoclated  with  thunderstoims. 

At  elevations  higher  than  Colorado  Springe  precipitation  ia  heavier 
and  is  more  often  in  the  form  of  snow.  The  heaviest  snowfalls  in  the  two 
study  areas  occurred  at  Lake  Moraine.  In  April  19^,  ICl  inches  of  snow 
fell  there,  and  over  50  inches  of  snow  fell  in  3  other  Aprils  between  19U> 
and  1955  (Table  VII).  Tasperalurea  in  April  at  Lake  Moraine  are  often  above 
freezing  and  the  snow  melts  rapidly.  Snow  depths  of  over  2  feet  are  unusual 
but  they  have  occurred  as  late  as  Kay,  In  a  freak  ar.cw  storm  on  May  18  and 
19,  1955,  l>ak«  Moraine  had  7.76  (welted)  inches  of  precipitation.  The  maxi¬ 
mum  snow  depth  on  the  ground  frca  this  storm  was  A5  inches.  Host  of  the 
state  had  no  snow  on  the  ground  at  the  time  this  depth  was  reported  at  Lake 
Moraine,  Despite  the  heavy  snows  at  Lake  Moraine,  it  should  be  utressed 
that  in  Bcxae  years  it  has  had  no  snow  cover  because  of  lack  of  snowfall  or 
because  of  rapid  melting. 

At  'Cripple  Creek,  epring  snow  is  net  ao  heavy  as  at  Lake  Moraine.  An 
average  of  16  Inches  falls  in  April  and  3  in  Kay.  The  snow  does  not  last 
long;  temperatures  average  above  freezing  in  April  and  even  average  daily 
minima  are  above  freezing  by  Kay  (Table  V), 

On  Plkee  Peak  the  April  mean  wSriaun  is  7^  a-'ai  the  mean  maxlsMa  is 
21°F.  Temperatures  above  freezing  are  wusual  until  late  Hay  and  tempera¬ 
tures  as  low  as  2®F  have  occurred  ia  June.  Snowfall  and  snow  depth  records 
ore  not  available  from  Pikes  Peak,  but  the  records  at  Lake  Moraine  indicate 
that  snowfall  in  the  vicinity  of  the  peak  is  heavy  in  the  spring.  Average 
wind  epeeds  in  the  spring  are  less  thrin  in  the  winter.  Gale  force  winds 
still  can  be  expected  and  will  cause  discomfort  when  associated  with  low 
temperatures. 

(O  Summer  Climate  (July,  August) 


Actually,  one  cannot  limit  the  sxwaser  at  Colorado  Springs  to  two 
months  or  say  that- there  is  ary  sumsr  at  all  on  Pikes  Peak,  Sunner 
conditions  are  at  their  maiximux  in  July  and  August  at  Colorado  Springs. 
Temperatures  above  80^  occur  on  more  than  half  the  days  during  these 
raonths,  and  an  average  of  12  days  in  this  2-<aonth  period  have  tempera^ 
tures  above  90°F.  Ni^ts  are  cool  with  temperatures  usually  below  60  r. 


P^pitation  Is  at  a  maximia  because  of  a  Mrfi  rat*  of  occurrence  of 
^understonns  during  suiwer,  Ti.understonw^Sa-  e*  aorTth^^^f  fv 
d^s  ^  most  suraiers,a  rate  of  occurrence  whSHs  weassed^nlt^^ 
Florida  and  on  the  Gulf  Coast.  Kail  can  bo 

SeptembS^ *PI-«clSSsr  S  ^ 
i  annual  precipitation  falls  during  ^Mo^iOTths 
I  ^  ^  precipitation  are  brief  but  the  ^At^  ^*charac 
er  zed  by  intense  radiation  and  clear  or  partly  cloadiy  skies, 

and  August  are  tho  oray  teaUts  In  which  the 
te^rature  is  above  freezing  nore  often  than  bedoo.  Winds  are  Hchter 
an^  this  is  the  season  when  tourists  can  motor  to  th*  lig^r. 

vet  r^n^s.  sviraier  snow  occurs  on  Pikes  Peak  brt  nost  of^ 

duration  occurring  as  ral*  associated  with 
thunderstenns  Pr^ipitatlon  is  also  heavy  at  tS^iS^Si^ 

elutions.  Both  Pikes  Peak  and  lake  Moraine  have  aa  averaro  of 
4.2  inches  of  rainfall  in  July  (Table  VI 1  o— , 

has  fewer  thvnvderstonns  and^l^S  lSr«JSS! 

(5)  Fall  Climate  (Sent.Arber.  October.  Wor»-*»r) 

season  of  transition  Ttxm  sunner  to 

SJSolUtSn^“*A?^tr^  and  light  ■ 

precipitation.  As  the  season  progresses  the 

increases.  Hinimua  teaperaturL  Llow  weather 

frequent  t^y  November  Sble  lo!  are  rm  in  September  but 

^ected  often  at  lake  Moraine  and  occaslorallv  at  Cr5nnl. 

«» ’-•IS-* 

u  Self?  "r 

I^e^Koral^..  a.  Z^i 

o7liS?'^‘'  considerably  less  than  has  been^^ed  in  Aprtl 
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•  CowD»rlgCT\?  vith  other  >>CTta^n 

Phyulcal  sisdlarltlM  ini  differences  between  the  Csj^  Bsl«  and  Pikes 
Peak  reglcMia  and  aountain  areas  in  other  parts  cf  the  world  art  a  aatter  of 
considerable  concern  to  the  C.S.  An»y  because  the  pxrposo  of  tesling  and 
training  in  the  Rockies  was  to  increase  the  lray*s  ability  to  oparats  in 
Mountains  throughout  the  vrorld.  The  aountain  regiens  of  the  world  care 
extr^sely  diverse  pliystcally,  and  thou^  sone  of  then  resesblo  the -Colorado 
Rockies  in  «any  respects,  there  are  also  great  differences. 

As  this  section  will  be  devoted  to  cceparing  then  with  other  nountains 
of  the  world,  we  should  note  that  the  Colorado  Rockies  are  a  nldlatitode 
range  rising  frea  seadarld  hi^  plains  and  plateaus  in  the  interior  of  the 
western  United  States.  The  region  is  characterited  by  clear  skins,  vide 
tanperature  ranges,  low  precipitation,  aid  considerable  areas  of  scant 
vegetation.  Kany  ranges  at  similar  latitudes  in  interior  Asia  reseable 
the  Rockies  in  these  and  other  respfsets  even  thou^  the  greater  of 
Asia,  the  greater  height  of  saay  of  its  ranges,  and  the  different  orien¬ 
tation  of  its  ranges  from  those  of  'lorth  Anerica,  cause  great  diydess  in 
much  of  inner  Asia  and  reduce  the  north-south  flm  of  sir  masses  across 
It. 


The  nidlatltude  position  of  both  the  Colorado  Rockies  and  the 
cooparable  ranges  in  Central  Asia  results  in  narked  seasonal  changes  in 
the  anount  of  solar  radiaticn.  The  Arctic  has  even  stronger  aeasonality  of 
solar  radiation.  The  tropics  have  little  seascnality  of  radiaticn  even 
where  mountains  are  hl^  enough  to  have  cold  or  cool  cUnates.  The  interior 
position  of  the  Colorado  Rockies  r^sns  that  air  masses  reach  than  coly  after 
moving  considerable  distances  ^verland,  often  losing  much  moisture  co  the 
way.  (The  dryness  of  the  Kunlun  Ravage  in  mid-Asia  is  an  evsn  sore  extreao 
exaiiple  of  such  a  situation).  Winds  froa  the  Pacific  reach  Colorado  wdy 
after  crossing  a  succession  cf  rugged  ranges  cn  which  much  of  their  moisture 
is  dropped.  Like  mid-Asia,  though  to  a  lesser  extent  because  its  ranges  are 
not  as  high,  Colorado  gets  jtaxinua  precloitaticn  cn  its  highest  no^tains. 
Figures  given  in  the  ssctlcn  cn  precipitation  shew,  bewever,  that  the 
aimual  fall  recorded  among  the  Colorado  sundts  is  much  loss  t>>an  has  been 
observed  in  eone  other  mountains. 

The  north-south  brientatlcn  of  the  Rocky  Koun  tains  allows  frequent 
alternation  In  Colorado  between  air  masses  frem  nerth  and  south  which  have 
highly  contrasting  terperatures.  Strong  diurnal  terparaturs  floctoation 
accMituatea  the^:^  exir^r.^s,  producing  temperature  ranges  which  are  probably 
about  A3  great  as  those  of  mid-Asia. 

The  cllnatlc  characteristics  of  the  sounUin  region  of  Colorado  and 
those  of  comparable  ranges  in  Asia  affect  not  anly  their  vegetation  bat 
also  the  processes  of  withering  and  erosion  which  determine  many  of 
their  topographic  characteristics.  On  the  other  hand,  there  are  striking 
topographic  characteristics  cf  the  Rockies  related  to  climate,  which 


differentiata  then  fro*  such  tcariihno  raldlatitude  mountain  regions  as  the 
Swiss  Alps  or  the  Cascades.  The'  mountains  of  desert  regions  or  of  the 
humid  tropics  have  even  more  distinctive  clirate-con trolled  topographic 
characteristics. 

a.  TQ2oara£|g 

(1)  Altitude  and  relief 

Many  peaks  in  the  Colorado  Rockies  reach  14,000  feet.  The  highest, 
Mt.  Elbert,  23  miles  south  of  Caita  Hale,  rises  to  14,431  feet  or  within 
65  feet  of  the  highest  peak  in  the  United  States.  Nevertheless  its 
altitude  is  less  than  half  that  of  Hr.  Everest,  falls  8,000  feet  short 
of  Mt.  Aconcagua  In  the  Andes,  5,000  feet  short  of  Mt,  Logan  la  Canada 
and  Mt.  McKinley  in  Alaska,  and  1,350  feet  short  of  Mcmt  Blanc  in  the 
Alps, 


The  greatest  relief  iihich  can  be  assigned  to  the  Colorado  Rockies  is 
9,000  feet  because  they  rise  from  a  5,000  to  6,000-foot  plateau.  The 
Himalayas,  Andes,  Alaskan  ranges,  and  the  Alps,  on  the  other  hand,  all 
rise  on  at  leagt  one  flank  from  plains  not  far  from  sea  level,  so  prac¬ 
tically  all  of  their  height  must  be  considered  relief.  The  Apennines  in 
Italy,  the  mc'mtains  of  central  Japan,  and  the  San  Bernardino  Mountains 
east  cf  los  Armeies  all  have  relief  equal  to  that  of  the  Colorado  Rockies 
yet  do  not  reach  altitudes  much  higher  than  10,000  feet.  On  the  other 
hand,  the  Olycptc  Mountains  of  northwest  Washington  nay  be  cited  as  a 
range  known  frr  its  ruggodness  but  having  slightly  less  total  relief  and 
much  less  actual  altitude  than  the  Colorado  Rockies. 

(2)  Glaciation 

Glaciers  were  fairly  extensive  in  the  higher  parts  of  the  Colorado 
Rockies  during  the  Ice  Ages.  They  occupied  most  of  the  high  valley- 
heads  in  each  of  the  higher  ranges  of  the  state.  Many  hi^  ridges  were 
left  bare  at  that  time,  however,  their  snow  blown  by  wind  intci  the 
valleys  where  it  contributed  to  the  fe€dirg  of  glaciers.  In  iho  northern 
half  of  the  state,  glaciers  pushed  beyond  the  mountain  fronts  onto  the 
floors  of  soce  of  the  interraontane  basins,  as  in  the  upper  Arkansas  vall^ 
and  Middle  Park.  A  number  cf  lake  basins  were  left  behind  when  the  glaciers 
shrank,  Siiice  the  last  Ice  Ags;the  glaciers  have  been  reduced  to  insignifi¬ 
cant  remannts  Ln  the  northern  part  of  the  east  front  of  the  range,  and  have 
disappeared  entirely  from  the  Car?)  Hale  and  Pikes  Peak  areas. 

A  ve.-y  hi^  preportion  of  the  mountains  of  the  world  retain  more 
glaciers  today  than  the  Colorado  P^kles.  Such  ranges  also  characteris¬ 
tically  shew  stronger  and  more  extensive  evidence  of  Ice  Age  glaciation. 
Because  of  their  great  height,  even  the  driest  ranges  of  mid-Asia  have 
extensive  ice.  The  very  dry  Kunlun  Range  seems  to  accumulate  ice  only 
above  20,000  feet,  however. 
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Tim  Euroi^  Alps  hare  roughly  as  mieh  lc«  cn  thalr  aumlt  arus  today 
as  the  Colorado  Rwklss  had  during  tho  lea  Ages.  Durtng  tha  Ica  Agas  tha 
»lnoat  burted  in  Ice.  Th^  had  at  least  as  much  lea  cover  as  tb* 
Rang«  In  Alaska  and  tha  Yukon  has  today  and  In  soma  parts  must 

aa  8^  ^rts  of  Groenland  or  Antarctica  now  have.  Rar^tis 
Aii  ^  Claclal  systaas  ecrcsrable  with  those  of  the 

aS  ex^slva  than  those  of  tha  Colorado  Rookies,  include 

Rockies,  tbs  sour.talns  of  British  Columbia,  tha  northern  Cas- 
Z«ala«l  Alps,  and  parts  of  tha  Chilean  Andes.  Even  the 

Mortal  aounUlns  of  Africa  have  bigger  lea- 
zioIdB  tbeUi  the  Colorado  Rockies* 

B  '«®*  *S  little  ice  as  tha 

^kia^  Kost  such  ra^as  ara  of  less  height,  except  those  in  the  tropics 
aM  suVtrqjlca.  Tha  Brooks  Range  of  northern  Alaska  is  about  9  000  feet 
^  with  abcnxt  8.000  feet  of  relief  at  68®  M.  laUtul.  bSt^s  a^t 
AS  BATgr  glaciers  ss  the  Colorado  Rockies* 

4 

(3)  Fluvial  erosion 

,  i"  section  on  Caip  Hale,  many  broad  alpins  and  suhalplne 

slopes  in  Color^o  are  almost  uniaarked  by  torrent  channels,  though  sl^r 

««b  channels.  This  condition  is 
^  praclpltatioo  but  partly  due  to  vigorous 

tojids  to  fill  in  such  channels  with  coarse  nibble. 

““ 

ti..  “*  ''®^  diminishes  at  low  levels  la 

the  Colorado  Roc Wes,  the  lover  slopes  show  increased  effects  of  fluvial 

flriLlLr^lJrr*  developed  a  landscape  of  the 

type  fa.^lar  in  the  sonlarid  West, 

cSoisdo‘'^w  tea  considerable  effect  oven  at  the  lowest  levels  in 
^lo^o.  however.  in  the  tropics  arri  subtropics  are  the  lower 

flanks  of  mountain  ranges  free  of  frost, 

(4)  Mass  wasting 

^  Cascades,  ths  British  Columbia 
Alps,  at  least  an  their  xolster  flanks  lack  the 
g^ciers  and  other  conspicuous  offoct  of  rubble  creep  which  are  ao 
characteristic  of  the  mountains  of  Colorado,  la^au^e  JSh 
affects  are  closely  related  to  climate  (Troll  1941,  1943-44  loJifi)  theli* 

interest.  Rock  glaciers  hive  iKsen  noted 
rartT^  ^  central  Rockies  twt  aleo  in  the  drier 

in  various  pwts  of  Alaska,  and  in  the  Wdte  Mountains 
of  •Ha  Exepshiro.  They  have  also  been  described  in  the  Tien  Shim  raiura  of 
th^  closely  resemble  those  of  Colorado.  SlailS^rorL 
are  presumably  present,  though  undescribed,  in  other  mid-Asia  tic  ranges. 
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to  *  r.""*"  '''*;*•  (i-t— «ii*to 

haT»  i^er  shallow  St^tlve^^t  nri^V^  tem^ratur®),  such  as  the  Alps, 

oc^rrtoe  ^.tly  SIrSe 


Timberlijia  and  Mp 


ricHSSir^H'- ■•• 

AWanca  of  precipitation  nakes  a  consld»*^bl*  _ r^-  < 

character  of  alpine  vegetation  j  rf^  .  — -^.loiniicw  in  the 

nore  lap;rtant  on  the  alpine  si  ones  of  heath  plants  are  nuch 

than  in  the  Ptockies.  Tho  vei*v  ^  Chn  Cascades 

approximate!/  I75  inches  of  rain  r%on  ^nge  near  Vihittier,  Alaska,  with 
whicl»  Is  often  bog-llke  or  to  use^thr^la*-^  tos  alpine  vegetatlcn 

drained  slope,  (T„oep2n  WjJ).  ““ 


^2)  Relationship  of  fora-it 


sr-ISsH:?:  » 

s.'s-.osjiirirf  ~  ^rriTs,, 

to  a  ccnsiderablo  extent 'in  the  Alps  Th^ 

condition  Intemediate  ^tveS  represent  • 

sooth  slope,  nr,  en?i«5  ^^r^ ’StS 

steppe  grasslani  or  senlLld  S^rob^metSior  toepirf  ly 

north  and  south  slopes  exists  in  contrast  between 

Altai  and  other  Mongolian  ranges  the  Nan 
(Ksh)  a,  far  sooth  f,  iS 

Ij^^r  and  type  of  forest  tron,., 
on,  c^^or^^^r^srar,  SSi'to!’ 

siadlsr  to  the  subarctic  forest  (Ui^rof  ™“4°lS,‘.“^  ^ 
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fir  ftro  usually  domirant  In  Horth  Aaerican  subarctic  and  subalplM  forests. 
Including  those  of  Colorado,  Just  as  they  are  in  the  Canadian  taiga.  la 
Asia,  larch  is  very  aturriaat  both  in  the  taiga  and  in  subalpine  foarests. 

Most  Boitane  forests  in  eastern  Korth  America  and  Eurasia  are  partly 
or  entirely  deciduous.  Throughout  western  Horth  America  Including  Colorado, 
the  montane  tone  is  strongly  dominated  by  conifers,  Pwvierosa  pine, 
characteristic  of  this  icne  in  the  Colorado  Rockies,  Is  widely  distributed 
in  the  montane  tone  of  the  less  humid  ranges  of  the  West  and  is  often  ac- 
con^ianled,  as  in  Colorado,  by  Douglas  fir.  Such  forest,  containing  trees 
of  only  moderately  large  site,  is  found  from  the  oast  slope  of  the  Cascades 
northward  into  interior  British  Coluubla  as  well  as  thivughout  the  Rockies 
from  Montana  southward.  Coastal  montane  forest  on  the  Pacific  coast  of 
Horth  America  contains  huge  conifers  such  as  western  hemlock,  western  red 
cedar,  and  Sitlca  spruce,  usvially  growing  from  sea  level  19  to  an  elevation 
of  1,000  to  5.000  feet, 

c.  Climate 

(1)  Tege-erawre . 

The  Icwesf  toeperatares  on  rocori  outside  of  Antarctica  are  trta  the 
vicinity  of  the  Verkhcyansl'  Mountains  of  northeastern  Siberia,  whore  an 
offioial  tespemture  cf  -90®r  has  been  recorded  at  a  piedmont  station  and 
an  unofficial  terperature  of  -103®F  was  recorded  at  a  station  in  an  Inter- 
mont^a  basin.  This  can  be  compared  with  an  absolute  low  to^erators  of 
-60V  at  Taylor  Park  Ubout  9,'WO  feet)  in  a  valley  tributary  to  the 
Gunnison  Basin,  Colorado.  Extreme  hi^  teeperatures  do  not  occur  la 
mountains,  though  th^  do  occur  in  low  intermontano  basins  such  ss  Death 
Valley, 

Because  teaperatares  nomally  decline  with  altitude  it  is  not 
possible  to  coepare  the  charactertstic  tenperatures  of  two  ranges  la 
simple  tonas.  Kewoprer,  the  foraulae  given  in  Appendix  C  will  permit 
cocpairison  of  any  station  in  the  world  with  normal  conditions  at  the 
same  elevaticc  In  the  CXJ.orado  Rockies.  Persons  making  coapariscos 
should  note  carefully  ^icthsr  Inversions,  if  ary,  affect  tJM»  tesperatore 
gradient  of  the  rar*go  as  a  whole,  as  Is  often  believed,  or  whether  they 
are  associated  with  particular  basins  as  in  the  Colorado  Rockies.  In 
Colorado  the  higher  stations  within  any  small  area  aaj  be  warmest  at 
times,  as  is  often  true  near  Caap  Hale,  but  siiKe  inversions  in  hi^ 
basins  are  ccnparable  to  those  in  low  basins/ the  effect  Is  to  increase 
the  thermal  differe.'^e  between  stations  at  aiy  one  level  rather  than  to 
wipe  out  the  normal  gradient  for  the  range. 

(2)  PrecicitaUoa 

The  heaviest  Drecipitatlcn  recorded  in  the  Colorado  Rockies  (about 
50  inches  per  year)  is  at  Wolf  Creek  Pass  in  the  San  Juan  Noontaino, 
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150  Hlles  south  of  C&mp  Hale.  Deep  vall^'S  on  the  flanks  of  the  range  get 
as  little  as  30  or  15  inches.  Though  50  Inches  cannot  be  considered  light 
precipitation,  other  mountain  regions  get  much  more.  To  cite  extreme  cases: 
the  northeast  slope  of  Kauai  Island,  one  of  the  mountainous  Hawaiian  Islands, 
averages  476  inches  per  year,  and  Cherrapunji,  India,  ijj  the  Khasi  Hills 
south  of  the  Himalayas,  averages  418  inches  per  year  and  has  had  1,042  inches 
in  a  year.  Mountain  stations  at  higher  latitudes  got  less  extreme  preclpt- 
taticn,  hut  little  Port  Walter  on  the  mcintalnous  coast  of  southeastern 
Alaska  averages  231  inches  per  year.  The  Sajitls,  a  summit  station  in 
Switzerland,  averages  132  iix:hes  per  year,  and  Crkvice,  in  the  Dinaric 
Alps  of  Yugoslavia  averages  183  inches  per  year.  In  general,  the  Kuropean 
Alps  are  intermediate  in  precipitation  betw>,-en  the  extreme  exaitples  cited 
above  and  the  relatively  dry  mountains  of  Cclorado* 

Tamarack,  California,  at  an  elevation  cf  8,000  feet  in  the  Sierra 
has  an  average  of  400  inches  of  snowfall  per  year  and  has  had  as 
such  as  884  inches.  It  has  often  had  as  much  as  30  or  40  feet  of  snow  on 
the  ground. 

Although  it  is  difficult  to  con^are  the  chai*actertstlc  precipitation 
of  one  ccuntain  region  with  that  of  another,  it  is  possible  to  cocpare 
stations  elsewhere  in  tlie  world  with  the  calculated  normal  for  the  same 
elevation  in  the  Colorado  Rockies.  For  this  the  reader  is  again  referred 
to  the  fcnrulae  in  Appendix  C.  The  formulae  for  precipitation  were 
calculated  by  the  same  method  and  are  based  on  the  same  stations  as  those 
for  teqperature,  but  the  distributions  from  which  the  precipitation 
fonculae  were  calculated  are  less  linear  and  the  formulae  are  correspond¬ 
ingly  less  reliable, 

(3)  Wlxri 

Data  are  not  available  for  world  comparisons  of  windiness  in  mountain 
regions.  A  cceroarison  can  be  made,  however,  between  Pikes  Peak  (mean 
velocity  19.2  ng^h;  altitude  14,109  feet)  and  Mount  Washington,  Kev  Haj’^>shixe 
(mean  velocity  37.1  uph;  altitude  6,288  feet).  As  an  isolated  suimit  which 
is  one  cf  the  highest  in  the  range.  Pikes  Peak  night  bo  expected  to  have  a 
higher  mean  wind  speed  than  this;  it  may  bo  concluded  that  the  Colorado 
Rockies  are  not  a  particularly  windy  range. 
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APPENDIX  D:  GLOSSARI 


Absolute  naxiJinia  (or  miriaun)  temperature:  Highest  (or  lowest)  air  teaper- 
ature  recorded  at  a  aeteorological  station  over  the  period  of  record. 

Alluvial:  Deposited  ty  ninning  water. 

Alluvial  fan:  A  fan-shaped  or  cone-shaped  deposit  of  detritas  at  the  south 
of  a  gorge  or  cajgron. 

Alp:  A  Bxmntain  neadcw  of  a  tyjje  common  in  the  European  Ajps,  Most  alps 
are  less  steep  than  either-  the  glacxally  oversteepeiied  forested  slope* 
below  or  the  cliffs,  if  any,  that  rise  above  tbejs. 

Alpine:  (1)  Remlrlscent  of  the  European  Alps.  (2)  Pertairieg  to  the 
region  above  tisberline  in  mountains. 

Avalanche:  Intermittent  snow  drinage  from  laountain  slopes,  often  dangerous. 

Buttress:  A  short  ridge  exterding  at  an  angle  froa  the  main  ridge  of  * 

mountain.  Its  height  is  considerably  less  than  that  cf  the  main  ridge. 

Chaparral:  Dense,  woody,  broatileaf  evergreen  brush  or  low  trees,  common 
In  summer-dry  regions  such  as  western  United  States, 

Chinook:  A  wind  warsed  adiabatically  by  descending  a  slope  or  mounUin 
range.  A  foehn  wind. 

Cirque:  A  vall^-head  basin  formed  by  glaciation. 

Cliff:  A  slope  exceeding  the  angle  of  rejxjse;  i.e,,  so  steep  that  detritus 
falls  freely  to  the  base. 

Coniferous;  Cone-bearing.  Most  coniferous  trees,  such  as  pine,  spruce, 
and  fir,  ai'e  evergreen. 

Deciduous;  Sheddii«  all  the  leaves  aruiually.  All  deciduous  trees  native 
to  Colorado  are  broadleaved,  as  the  birch,  aspen,  and  alder. 

Detritus:  Any  loose  material  resulting  from  the  weathering  of  rock. 

Divide:  A  xrldge-crest  between  two  watersheds. 

Erosion;  The  process  of  detritus  renoval  by  natural  agencies  srsch  a* 
running  water-,  ice,  or  wind. 
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F«l8er*«er:*  A  field  of  tngvOMT  boulders  derived  from  underlying  bedrock 
by  intensive  froet  ection,  usually  occurring  at  high  altitudes  or 
latitudes. 

Glaciation:  Modification  of  the  landscape  by  glacial  erosion. 

Glacier:*  A  body  of  ice  originating  on  land  by  the  recrystaliitation 
of  enow  or  other  forea  cf  solid  precipitation  and  showing  evidenco 
of  past  or  present  flow. 

Gneies:  A  form  of  metajcrphosed  granite  having  parallel  dark  and  light 
bands. 

Gras:  Loose  granular  material  produced  by  the  weathering  of  granite. 

Igneous  rock:  Rock  which  solidified  from  a  molten  magma. 

Intrusive  rock:  Igneous  rock  which  solidified  before  reaching  the 
surface  of  the  earth. 

Kobresia:  A  genus  of  sedge,  forming  dense  sod  at  hi^  elevatlone. 

Inanhols:  Stunted,  gnarled  trees,  usually  coniferous,  forming  low  mats 
at  timberllne. 

Mean  dally  saxlnum  temperature:  The  average  of  the  highest  air  tesiperm- 
ture  recorded  each  day  in  a  given- period  at  a  meteorological  station. 

Mean  dally  temperature:  The  average  of  the  lowest  air  tempera¬ 

tures  recorded  each  day  in  a  given  pertod  at  a  meteorological  statixxi. 

Mean  temperature;  The  average  of  dally  maTi bum  and  mlnlw  tmiperatures, 
or,  when  available,  of  hourly  or  bi-hourly  temperatures,  during  a 
given  period  at  a  aeteorologicaLl  station. 

Montane:  Pertaining  to  the  altitudinal  sons  Isisedlately  below  that  occm— 
pied  by  subalpine  veget.ation.  In  the  Pikes  Peak  area  the  montaas 
sone  extends  fron  approximately  7,000  to  9,000  feet  elevation. 


*  Intorpretatlcns  of  ^any  of  the  terms  listed  in  this  glossary  vary  witfc 
differorit  authors.  Iho  definitions  given  here  are  in  each  case  the  mean¬ 
ings  used  in  the  preeent  paper.  Definitions  larked  by  an  asterisk  (*) 
are  as  given  in  the  dossarr  of  Arctic  and  Subarctic  Terms.  ADTIC  pnblica- 
tibn  A-105,  Research  Studies  Institute,  Maxwell  Air  Force  Base,  Alabama, 
September  1955* 
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Horalnei  Material  carried  or  laid  down  dirsctlj  by  glaciers  without  the 
intexvention  of  running  water  or  other  £kIo^  agencies. 

Outcrop;  Bedrock  exposed  at  the  surface. 

Perennial;  Existing  continuously  for  more  than  one  year. 

Permafrost:*  A  thickness  of  soil,  superficial  deposit,  or  bedrock  of 
variable  depth  beneath  the  surface  of  the  earth  in  which  below- 
freezing  temperature  has  existed  for  a  long  time.  Also  called 
"perennially  frozen  ground," 

Precipitation:  Moisture  falling  from  the  air  to  the  earth’s  surface. 

It  may  be  In  the  form  of  rain,  snow,  bail,  or  some  modification 
of  them. 

Rock  glacier:  A  mass  of  a;igular  rock  fragascrts  In  a  cirque,  valley, 
or  vall^  head,  tdiose  form  may  reserhle  that  of  a  Racier, 

Rock  stream;  A  ribbon  of  rubble  extending  dcva  a  subalpine  slope  or 
following  the  bed  of  a  steep  si;balpine  valley. 

Scarp:  An  ovorsteepened  slope  of  considerable  linear  extent,  usually 
without  gaps  permitting  level  passage. 

Spur:  A  ridge  extending  at  an  an^e  frc»  the  main  ridge  of  a  mountain, 
often  moderately  long  but  not  connecting  at  a  high  level  with 
another  mountain. 

Steppe;  Temperate  grassland  comparable  to  that  of  southern  Russia, 

Subalpine:  Pertaining  to  the  first  altitudinal  zone  below  tiii>erline, 
with  its  characteristic  vegetation. 

Subalpine  fir:  A  species  of  fir  (Abies  Issiocarpa)  connon  in  the  sub¬ 
alpine  zone  in  Colorado. 

Subarctic:*  (1)  Pertaining  to  the  region  between  the  midlatitudes  and 
the  Arctic.  (2)  The  region  covered  by  tie  boreal  forest,  bounded 
on  the  north  by  the  tree  line  and  on  the  south  by  a  zone  in  which 
the  coniferous  forest  is  gradually  rejlsced  by  a  midlatitude  typo 
of  vegetation  such  as  steppe  or  mixed  f crest. 


SubllMtlc.*  Th.  p«.M*  of  -i*”*  ””  *”•“  ‘°  ‘'" 

T»por  stct*  and  vice  Ttra*. 

Talua:  Rubbla  accu«ulat«l  at  tha  basa  of  a  cUff  ty  faU  f-o« 
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